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PREFACE 



In ear^June of 1978, members o£ the Social Science, Education 
Consortium gathered in Boulder for the- annual conference and fcorporikion 
meeting of the Consortium. Tte conference topic, "Science-Related Social 
Issues and Social Science Education," reflected the personal and profes- 
sional concerns of many SSEC pembers~wju> felt that the schools could/4nd 
'should do a better job of preparing citizens to participate intelligently 
in making important social policy decisions. 

Before. the conference, a background paper was prepared for participant 
by Kenneth D. Benne and Max Birnbaum, emeritus professors at Boston Unive.t-. 
sity and partners in Staff and Organization Consultation, Inc. Between 
them, Benne and Birnbaum have amassed close to 'a century of experience 
in teaching the disciplines of science ami social science, both to stu- 
dents at all levels of schooling and outside the cdtitext o^ the .school ^ 
classrdom. Benne subsequently served as 3 most eloqbent synthesizer of 
the conference proceedings. 

Building on their original working paper and on some of the ideas 
and needs expressed- at the conference, Benne and Birnbaum went on to " 
develop this practical resource for teaching about science-related social 
issties. We believe '^that it may help to fill a critical gap in today's 
social studies curricula, and we hope that both teachers and students 
will find it useful in developing tsome of the skills required for respon- 
sible citizenship in a world of ever- increasing technological — and 



thus moral~complexity. 
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1. INTRODUCTION TO TEACHING ABOUT SCIENCE AND SOCIAL POLICY 

-Social issues and social problems have long been an accepted part 
of the curriculum of social studies in American secondary education. 
The reasons for focusing instruction on the ^exploration of unresolved *, 
socialj issues are convincing ones. Such issues represent the agenda 
of unfinished societal business into which citizens in a democracy are 
expected to invest their participation in social and public policymaking. 
And the study of social issues, under responsible educational auspices, ^ 
should help to make citizen participation better informed, .more .thoughtful 
and more responsible. . ? 

This argument is, of course, based on the premise that an Important 
objective of facial studies education is to deepeft and extend literacy 
and effectiveness" in citizen participation. The authors Relieve that 
this objective is still an *accepted^lrid acceptable part of tHt social 
studies curriculum in the 1970s. But many feducators 'feel that the study * 
of social issues (b how in need of revision and refocusing; In 1975, 
the National Council for the, Social Studies gave aut^rioinous status to its' 
Science and Society Committee witVa mandate "to help^eachers, students, 7 
and others deal effectively with science-related social issues." - The 
preatnblA to thi§ mandate deserves full quotation: 

The xffipact of science and technology on society, and of sofciety 

on science an3~ technology , are of increasing and vital iij^rtance. 
Scientific and technological developments often move so rapidly 
that social institutions are unable to respond effectively. This 
gives rlsfe to unprecedented ethical questions' and societal' problems 
and creates demands on citizens and on society for new insights 
. and understandings. 

It has lbl^g been recognized by educators and others that science and 
technology are important and powerful elements in contemporary societal 
change. But only recent have the interrelationships between science, , 
technology, and society become a focus for 'study in some colleges. And 
our survey of the literature indicates that these interrelationships have 
yet to become an important fobus for study in high schools and inter- 
mediate schools. 

> 



No doubt there are many reasons for this educational lag, but two 
reasons seem particularly important for out purpose. 

First K the study of science and society has fallen between stools in 
oyr dapartiJentali*.ed high school curricula. Does jthe study belong in th^V^ 
curriciilum of ^aocial stlidies? Or does it belong in the science curriculum? 
Collaboration between social studies teachers and science teachers would 
most probably be desirable in presenting such material. However, the need 
to bring science-related social issues into the classroom is too- important 
and urgent to wait for widespread development* of such collaboration. » 

Part of the hesitation of ^6c±al studies teachers to assume leader- 
ship in this neglected area of instruction may wej.1 stem fronv the fear 
that th^y are not prepared to provide science instruction. Yet it is not 
technical education that is being called for; such content is properly in 
the domain of science and engineering instruction. The teacher of science- 
related social Issues requires only'an intelligent lay person's understand- 
ing of the scientific and related technological developments which have 
precipitated urgent and unsolved social problems in' our society. The focus 
of study should not be the technical character of these developments ,but 
rather their actual and potential effects on people's lives. We need to 
examine the sociology, politics, and history of scientific And technolog- 
ical developments in order to understand the ethical and moral implications 
°t proposed alternative ways of managing the powers which scientific and 
technological discoveries have placed into human hands. 

- .The second reason for the neglect of science-impacted social issues 
in high school instruction is methodological in nature. In its mandate 
to the Science and. Society Committee, the NCSS noted that contemporary 
science and technology have confronted citizens and societies with "unprec- 
edented ethical questions. 11 The resolution^pf ethical questions always 
involves people in practical judgments about what should be dqne. And 
practical judgments inescapably involve value Judgments- — choices between 
competing and conflicting interests and value orientations. 

Questions of social and individual ethics are inherently controversial. 
Educators have, not infrequently, sought to avoid controversy in teaching- 
learning situations. There is no doubt that harmonious classroom and 




school-community j^l^tions may/ be endangered by focusing school instruc- 
tion on controversial, value-laden issues. And teaching may weirb* 
more difficult— it certainly more challenging—when the subject .matter , 
deals with controversial issues. 

Pfcrt of the difficulty arises from the false assumption by sojne 
teachers and parents that school instruction will and should, lead to 
the "right" answers to all questions raised and considered in the class-- 
room. A social i^sue that is genuinely unsettled has no one "right 11 
solution, so long as society is- struggling- toward workable agreements 
about acceptable trade-offs and resolutions. Teachers should expect 
that different students, during and after study of a social issue, will 
choose different positions with respept to that issue, since we live — 
"and will continue to live — in a pluralistic society (Birnbaum 1964), 
But teachers can reasonably expect that any position chosen by a Student 
Will be informed and, reasoned and that students will be aware of and 
understand alternative positions in the controversy; 

Another part of the difficulty arises from the fact that teachers 
often hold^to a model of problem solving better suited to making theo- 
retical judgments than to making practical judgments, In making practi«- 
cal judgments, the reconciliation of competing interests and conflicting 
value orientations is an inherent part of the process. In theoretical 
judgments, choices between alternative hypotheses are based, ideally 
and primarily, upon the weight of factual evidence, Theyjudgments that 
students should be axpected to learn to make through the study of social 
issues are practical, policy judgments in which relevant facts are only 
one component. The discipline which students ideally acquire in such 
studies is that of participating responsibly and effectively in the 
making of ^policy choices and judgments. 

The argument that the basic disciplirie to' be cultivated in civic 
education is related to^ practical judgment and policy choice is not new 
in the literature of educational theory. This argument is based on the 
recognition that while scientific and technological expertise is an indis« 
pensible component in public! policymaking, the ability to appreciate 
and adjudicate conflicting interests and value orientations is equally 
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indispensable if technological expertise la to be used in the service of 
humanly defensible and acceptable ends (Raup, Benne, Smith, and Axtelle 
1943 and 1963V* ' 1 

In this monograph |* we will fir at discuss some aspects of the sociology, 
politics, and history of science and technology in contemporary society. 
We will then try to suggest a desirable balance between scientific, social, 
political, and e>thifeal considerations as we discuss What and how to teach 
about some of the policy issues which have grown out of a few important 
scientific and technological developments* Our hope is that this monograph 
will help teachers find and use appropriate models of discussion and delib- 
eration as they introduce students to the study of science-impacted social 
issues. * - 




(^2, THE SOCIOLOGY, POLITICS, AND HISTORY - ' 

Or CONTEMPORARY SCIENCE AND TECHNOLOGY '• ' - 

t 

Those who are entrusted with respQnsibilty for guiding human conduct j 
into the future Seldom have in themselves the knowledge and information 
needed in order to make long-range plans which are valid 'and workable. 
The policymakers ipust seek advice from persons who claim expert knowledge 
about the activities which th^ policy or jjlan is designed to order and 
control. r ' '* < ( 

However, expertise is only one requirement for making valid and 
workable policies, Other factors—legality, morality, economics,, 
and the of ten-conflicting attitudes, needs, and values of pjaople affected 
by the policy — must also be^ considered. ' The fact that expert knowledge 
is a nejpessary component of policy decisions does not mean that we should 
leave policymaking to the unchecked judgment <ff experts even in issues 
that are complicated by highly technical considerations, 

-Most unsettled areas of social policy which plague people in America 
.today bristle with technical questions which nonexpert "lay persons 11 are 
unable to answer for themselves. For Example, how much can and should we 
depend on nucleate energy as an alternative, to Our dwindling supplies of 
petroleum and natural gas? Laymen are dependent on the knowledge and 
know-how of experts in answering suth a question. We must depend on the 
knowledge and research of geologists 'in assessing t;he extent of untapped 
supplies of fossil fuels in the earth and on the know-how ^and research of 
petroleum engineers in assessing the accessibility of these supplies and 
the cost of extracting them. We must depend on nuclear physicists for 
knowledge about the radiation effects of various fissionable materials 
and on nuclear engineers for information about the feasibility and cost 
of buildin^jKiclear reactors. And they in turn are dependent on medical 
scientists and biologists fdr estimates, of the effects of 'various radiation 
levels on land and sea liSe and' on construction engineers for assessments of 
the feasibility and cost of building structures for safely housing reactors 
and sequestering nuclear wastes. 

The situation is similar with other kinds of unsettled policy questions. 
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How can and should we control cancer-producing chemicals in food, air, and ■ 
water? Here the expertleiPof chemists, chemical engineers, medical scien- 
tists, and sanitary engineers comes into play. How can and should we 
rebuild and maintain damaged life-support systems for endangered animal 
species, including man? Here the advice of ecologists and environmental 
engineers is required. How can and should we protect individuals from the 
invasion of their privacy by the intrusions" — dangerously implicit and to 
some extent now explicit.— of computers and other forms of electronic 
science and technology? Here the resources of solid-state physicists 'arid 
electronics engineers and technicians become important. « 

Two significant points about contemporary policymaking emerge from 
these observations. The first point is that policymakers are now ines- 
capably dependent upon two classes of experts': scientists and technolo- 
gists, or engineers. Although this condition has existed since the Indus- 
trial devolution, the extent and quality of this dependence changed in 
the United States and other developed nations during and after World War 
II. The revolutionary character of this change can be illustrated by 
pointing to what ha,s happened in recent years to the so-called natural 
sciences—physics, chemistry, and biology. The adjective "natural," when 
applied to science, once connoted the study of and accumulation of knowl- 
edge about the forms of energy, matter, and life that existed and func- 
tioned naturally on and around our planet Earth,, The technological appli- 
cation of scientific knowledge was focused on improving and refining the 
utilization of natural energies, materials, and life forms. 

However, recent advances in the "natural" sciences have produced 
energies and materials not previously found in terrestrial nature. Nuclear 
physicists, have converted matter into energy, created new chemical elements, 
and produced concentrations of radiant and heat energy not previously 
Recurring on Earth. And nuclear engineers have developed these findings 
into artifacts that introduce unprecedented conditions into our habitat. 
Chemists have produced thousands of compounds with no counterparts in 
nature, and chemical engineers have impregnated our environment with these 
artifactual substances in the form of insecticides, herbicides, drugs, 
synthetic fibers, and plastics. We are told by physicians that more than 



90 percent of the drugs they now prescribe -did not exist prior to World 
War II. Biologists have recently begun to produce forms and species 
of life that transcend those developed in the long course of organic, 
evolution. And before long bioengineers may be employed to support 
industrial -entrepreneurs in offering new, self-perpetuating- species for 
sale, and utilization, just as chemical engineers have helped produce 
, new commercial compounds and nuclear engineers have been employed to 
develop new elememt£ and energies. 

The poet e.e. cummings once noted wistfully that "a world of made 
is not a world of. born." We have moved dramatically into. a "world , of 
made" as our lives have been .increasingly shaped and influenced by man- 
made features in our environment. In many cases, traditional wisdom is 
no longer helpful in guiding our lives. Herbert Simon has termed this 
aspect of the "new" science and technology the "science of the artificial. 
It is this science, with its cognate technologies, which has emerged only 
recently to complement and in some cases to supplant the traditional 
"natural" sciences and their related technologies (Simon 1968), 

The second point concerning science, technology, and policymaking 
today is illustrated by the form in which the policy dilemmas cited earlie 
were stated. The question is not simply "How can we control cancer-pro- 
ducing chemicals in food, air, and water?" but rather "How can and should 
we do so?" Our policy dilemmas present us not only with "can 11 questions 
of fact and possibility but also with "should" questions of ethics and 
morality. 

Our traditional social moralities took form within the parameters of 
a slowly evolving natural environment and were communicated from old to 
new generations as axioms of folk wisdom and common sense, often with 
little or no conscious assessment of their adequacy in guiding the 
conduct and management of contemporary human life, Todav, as we seek to 
shape social policies ' toward humane ends in an environment that has been 
transformed through the agencies of science and technology, neither the 
content nor the method of transmission of traditional moral precepts can 
be assumed to be adequate, The consequences of various proposals for 
utilizing new knowledge and managing novel technologies must be critically 
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assessed, and "new" ethical and moral foundations for social policy must 
be forged and tested. This charge suggests a second condition of civic 
literacy for men and women today: They tnust accept responsibility for 
helping to forge a morality which can bring the awesome powers released 
by modern science under humane direction and control, 

A Brief Historical Digression 

Even though our contemporary situation is in many respects novel, we 
should not neglect the history of past attempts to use the expert resources 
of knowledgeable men and women in formulating, evaluating, and justifying 
social policies. Many — perhaps most — "educated" persons in Western soci- 
eties have grown accustomed to thinking of scientists and technologists 
as the only legitimate repositories of expertise. The utilization of 
alternative, "nonscientif ic n resources in forming, legitimizing, and eval- 
uating social policies may be seen as "superstitious" and thus without 
relevance in a "nonsuperstitious" age. 

Without some historical perspective on the emergence of modern science 
as the principal arbiter of factual knowledge, it is easy to forget that 
the claims of science have been challenged repeatedly and insistently by 
other claimants to knowledge about the meaning and workings of nature, of 
history, and of mankind. Sometimes these challenges have come from priests 
and leaders of traditional religions, at other times from prophets — reli- 
gious or secular — possessed by compelling visions of human destiny. Stu- 
dents of the arts and humanities have at times claimed knowledge "higher" 
than that provided by science and technology. Faith healers, soothsayers, 
and astrologers are others who have never surrendered completely to the 
forward march of science. 

And — lest we think that challenges to the authority of science and 
its claims to superior knowledge occurred only in the dim past — the tur- 
bulent decade of the 1960s should be recalled- Widespread disillusionment 
with the bitter fruits of militarized science and technology, widespread 
anxiety about technological threats to the natural environment, widespread 
despair about the failure of established ways of policymaking to achieve 
just and humane ends — all these led to the widespread embracing of alter- 
native ways of living and knowing. Indeed, the reaction of many, especially 
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among the idealistic young, to rebel gainst all established author- 
ity — and, to many of these yyoung rebels^ science and technology were s^en 
as synonomous with "the Establishments f! The alternative sources of knovl- 
edge to Which these j^bels turned .were diverse — astrological, religious, 
pharmacological, magical. Leading scientists and scholars were sufficiently 
concerned about/these challenges to devote two entire/issues of Daedalus, 
the journal pf the American Academy of Arts and Sciences, to a reassessment 
of the ho£^ and authority of science in the public consciousness (Daedalus 
1974 and 1978). , 

/ In the first of these issues devoted to an assessment of public accep- 
tance of the "authority" of science, many of the articles reflected a sense 
of bafflement and some def ensiveness in response to challenges to the 
autonotny of scientists to determine valid, directions for scientific invest 
ti£ations. One author, Rozak — himself an exponent of the counterculture 
and an advocate of human dependence on nonscientif ic knowledge — contributed 
an essay which supported a polarized definition of the situation as "sci- 
ence versus non-science" (Daedalus 1974). In the second assessment, four 
years later, most authors accepted the rationality and necessity of placing 
some limits upon scientific inquiry, and some authors explored the possi- 
bility that citizens might participate, along with scientists, in making 
decisions about the direction, tempo, and conditions of scientific investi- 
gation (Daedalus 1978), 

Sociologists of knowledge have reminded us that, throughout the his- 
tory of human societies,; policymakers have always sought the advice of 
men and women with claims to special knowledge (Znaniecki 1940). Rulers 
in ancient Greece consulted the Delphic oracle and her attendant priests 
and priestesses before undertaking important public ventures. Egyptian 
pharaohs sought the advice of the priests of Ammon-Ra concerning questions 
of statecraft. Saul, king of the ancient Hebrews, turned for insight into 
the future to the witch of Endor. Roman rulers depended on soothsayers 
and their examinations of the entrails of sacrificial animals for oTtiens 
predicting the success or failure of imperial projects. Chinese emperors 
sought and listened to the counsel of Confucian sages, whom they supported 
as part of their courts, in forming and executing public policies. 
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In our contemporary period, with its unprecedented dependence on 
science and technology, policymakers still "sometimes depend on the func- 
tional equivalents of oracles, sages,- and soothsayers in making and justi- 
fying public policies, though these modernncbunterparts are likely to* 
wear the laboratory coats of scientists and taj.k the language of engineers. 
One might also draw an analogy between opinion polling and market research 
and the auguries of Roman soothsayers. Or ,the mantle of sage may rest 
upon the shoulders of James Reston, Eric Sevareid, or some other influential 
journalist. However, as has already^een noted, accurate and valid infor- 
mation is only one — albeit indispensable — component of wise policymakings 
To thrust the role of - soothsayer , sage, or oracle upon the scientist or 
engineer, as anxious leaders and citizens are sometimes prone to do, is 
to fail to wisely use the Limited, though indispensable, contribution such 
an expert can make to policymaking t 

Another lesson to be drawn from the history of the interactions between 
policymakers and persons with specialized knowledge is that tension -always 
exists between people who are interested in action and those Who are pri- 
marily interested in seeking and extending knowledge (Kelly 1963)* "Action" 
leaders are interested in maintaining and extending their power in social 
control; knowledge is sought and used insofar as it is instrumental to 
this purpose. For the knowledge builder, knowledge is both* a valuable 
end in itself and a prerequisite for the finding and testing of more knowl- 
edge. Action leaders^want guarantees that success and "payoffs" will 
result from the knowledge they employ. For the knowledge builder, the 
failure (disconf irmation) of a knowledge claim may be just as significant 
as or even more significant than the success (confirmation) of a hypothesis. 
Action leaders value knowledge which is applicable in the short run. 
Knowledge builders have a different time perspective on knowledge; to them, 
the most important kinfls of knowledge may take a long time to acquire and 
confirm or disconf irm. Thus, the interests of scientists and those of 
policymakers and policy executors are not always compatible. 

It is true that new knowledge-based roles have developed in our science- 
shaped society which are intermediate between those of basic scientists 
and action leaders, or organizational executives — the roles of the applied 
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scientists, the engineers,' and the technicians. These roles. will be 
explored later, However, the- tensions between scientists and policy- 
makers remain even as their interdependence has increased. 
Science vs. Technology . 

So far, we have made no distinction between science and technology, 
nor have we differentiated the functional role of the scientist from '' 
that of the engineer/ or technologist. There i s , lo f course, a defensible 
(though not always clear) distinction between the two roles. Put simply, 
the scientist's function is to find out how things work arid' how to do 
things. The engineer's role is to plan and design ways of getting things 
done. The aim of the scientist is to produce tested knowledge. The aim 
of the engineer or technologist is to transform knowledge into techniques 
and artifacts for which' there is a human demand. Scientists operate 
' within the domain of knowledge. Engineers and technologists operate 
within the domain of practice. 

There was a time when/ the' roles and domains of the scientist and 
those of the skilled artisan or craftsman were more clearly separated 
than they are today. Skilled artisans possessed lore and skills which 
had accumulated through a long history of human experience. These skills 
were transmitted through an extended working association between master 
and apprentice— not uncommonly, between father and son* This was true 
of the practical arts used in the making of artifacts: - metalworking by 
refiners, blacksmiths, silversmiths, and toolmakers; woodworking by car- 
penters and cabinetmakers. Ij was also true of the practical arts used 
in doing things, often with the aid of artifacts: farming, navigating, 
making war, keeping the peace. 

Science on the other hand, flourished— where it did flourish— apart 
from places of industry, commerce, and agriculture: in monasteries, in 
royal courts, in private laboratories, in associations of gentleman scien- 
tists (for example, the Royal Society in England), and, increasingly, in uni- 
versities and institutions of learning. The findings of scientists were 
transmitted primarily by written documents and treatises, in contrast to 
the greater dependence on oral transmission exhibited by artisans and 
craftsmen. As a result, didactic instruction was more important in the 
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education of scientists* than in the training of artisans. The associatiohs 
between scientists and craftsmen were further inhibited by social class 
divisions, witluxjie higher Social status usually ascribed to persons who 
"worked with their ^ihds. 11 

Only when the economic and other advantages of production based on 
.scientific knowledge were discovered .by men of action in warfare, industry,^ nt 
and commerce did- scientifically educated engineers and technologists begin 
to displace skilled artisans and craftsmen in armies and navies, in factor- 
ies, in marketplaces, and eventually on farms. -This displacement was 
hastened by thk adoption of mass-produfction methods in the 19th and early 
20th ^centuries. Unskilled and semiskilled workers began to replace skilled 
workers in processes of production designed and controlled by engineers — 
processes that often used "artificiar^materials discovered and developed, 
by scientists and engineers. The hegemony of scientists and engineers in 
industry, commerce, and agriculture has been further strengthened in the 
20 tjjf century by the trend toward automatized -production, a trend made 
possible by developments in electronic and cybernetic science and engineering 

These revolutionary developments were facilitated by th^^utj&idization 
Qf scientific research by industries and governments toward the end of the 
19th century and, much more heavily? in the 20th century. As J.J. Thomson, 
the British physicist, once remarked, "Research in applied science leads 

to reforms; research in pure science leads to revolution. " To this the 

A.- 

authors would add that the linkages between basic sqience, applied Science, 
and engineering — linkages supported and subsidized by governments and k 
industries--have preated a continuing revolution in the conditions of our 
lives. 

The segregation of knowledge from practice has broken down as the 
efforts of scientists, engineers * policymakers, and leaders in government 
and industry have become more closely coordinated. Although skilled 
artisans and craftsmen have fiot disappeared from society, they have moved 
closer to the "artists" in social function, and they now join the market 
in the production of luxury goods. On the other hand, the dependence of, 
engineering upon* the sciences is evident in the names given to many of 
the former's contemporary branches— chemical engineering, electrical engin- 



eering, electronic engineering, nuclear engineering. The sciences are, 
in turn, fed by the demands and requirements of engineering. 

There is indeed a division of function between scientists and 
engineers. However, the major impact on society has come .from their 
joint and interacting efforts, not from the independent efforts of one 
or the other. The problems that have been generated from this combined 
impact are the focus of this monograph. In fris- four-volume work Science 
in History, J.D. Bernal made a statement that furnishes an apt conclusion 
to this section: 

Steady and § cumulative improvement of technique can be 
expected from engineering; but notable transformations 
only when science takes a hand. ... At the same time 
engineering successes, and even more engineering diffi- 
culties, furnish a continually renewed field of oppor- 
tunity' and problems' for science. The complementary 
roles of science and engineering mean that they both 
need to be studied to understand the full social effects 
of either. (Bernal 1965, vol. 1, p. 42) 

The Role of Governments and Corporations 

Science and technology are both precipitators of problems related 
to social policy and sources of ^solutions to those problems. The life 
blood of science and technology is continuing research. It is the knowl- 
edge that has emerged from such research projects that has extended man's 
power to build and destroy. ^Social policies desigried to channel this 
power toward constructive and humane ends must order and direct the utili- 
zation not only of the knowledge land techniques now available but also 
of those yet to be produced through continuing research. 

Scientific and technological research is now linked to policymakers 
and policy executors in three principal ways. First, scientists and 
engineers have become dependent upon governments and industrial corpora- 
tions for the funding^ of their research programs. Second, governments 
and industries have becorft&«primary employers of the talents of scientific 
and technological researchers. Third, both industries and governments 
have developed^ h*$* patterns of social organization in order to facilitate 
the utilization of the findings of basic scientific research in applied 
research and technological development and in turn to facilitate the 
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utilization of developed technologies In practice and production. In this, 
section we will explore how each of these interrelationships is related 
to currently unsettled issues in^the social utilization of science and 
technology. 

Big Money for "Big Science" . A.M. Weinberg has used the term "Big 
Science" to emphasize the exorbitant costs 6f research in many ateas of ' 
science since World War II. The Manhattan Project during that war, which 
led to the development of the atomic bomb, required the production and 
use of costly equipment and the employment and coordination of a small 
army of scientists, engineers, and technicians. Only an affluent govern- 
ment could .have mounted and supported such a vast program. The effort of 
the National Aeronautics and Space Administration (NASA) to put men on 
the moon required billions of dollars of public money both for the neces- 
sary instrumentation and apparatus and for the employment, coordination, 
and training of the scientists, engineers, and technicians who were 
involved. 

These are two extreme examples of the heavy financial outlay now 
required for scientific experimentation and technical advances in many 
fields — among them high-energy physics, astrophysics, clinical health 
investigations into cancer and heart disease, energy research, and weapons 
development. Much of the expense is related to designing and building 
the elaborate apparatus and instrumentation required. However, the person- 
nel costs of "team" and "project" research are also high. 

Because only governments and large industrial corporations can afford to 
support research in today's "Big Science" and "Big Technology," the roman- 
tic image of the solitary scientific investigator, laboring and pondering 
in his private laboratory, has become obsolete in most fields of experimen- 
tal investigation. Even though the functions of independent theorist and 
laboratory experimenter have become .differentiated; income branches of physic 
and astronomy, and to a lesser extent in chemistry and biology, even the 
deliberations and calculations of the independent theorist are likely to 
be computer assisted. Moreover, theorists depend ultimately upon experi- 
menters to put their theories to an empirical test. Thus it is probably 
accurate to say that "team" investigations and governmental and industrial 
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subventions of scientific and technological research have become the 
/rule rather than the exception in today's world. 

This trejid in research funding is seen as a mixed blessing/by many 
basic scientists. The tensions between the scientific mentality and 
the action mentality have alteady been noted. Some basic scientists 
fear that increasing dependence on governmental and industrial funding 
will divert research away from questions arising out of the gaps and 
inconsistencies in the theoretical frameworks of the scientific disci- 
plines, thus reducing the likelihood of .achieving continuing break- 
throughs in basic science. These scientists fear that the interests 
which control the purse strings will direct research more and more 
to applied problems, wHere the likelihood of immediate payoffs in 
practical results seems highest, to the detriment of basic scientific 
research. * 

This concern was one factor that led to the establishment of the 
National Science Foundation in 1950. Government funds allocated to the 
NSF were to be used primarily to further basic scientific research. ' 
Harvey Brooks put this innovation in science policy into historical 
perspective : 

In the United States, government support of science 
evolved piecemeal in response to a succession of oppor- 
tunities and needs arising in separate historical epochs. 
Only- after World War II did the federal government begin 
to consider the support, of science on its own terms a 
legitimate responsibility of government, and to contract 
to an appreciable extent for research to be pec#brmed out- 
side government laboratories. A national commitment to 
the support of basic research was clearly institutionalized 
only in 1950 when the National Science Foundation was 
created. Even as late as 1972, however, the research 
budget of NSF accounted for only 2.5 percent of total 
[research and development] expenditures, or 5.2 percent 
of all non-military bnes. The tfSF supported less than 10 
percent of basic research and less than 20 percent of all 
federally supported research in universities. All other 
[research and development] expenditures were budgeted and 
administered by the departments responsible for functions 
defined in social ' rather ^than scientific terms such as 
defense, health, agriculture, environmental s5*vi C es, 
housing, transportation, and social welfare. In this 
scheme the large expenditures of the space agency (NASA) " 
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v and the Atomic Energy Commission (Ae£) are something of 
a hybrid, for neither space, nor atomic energy is a social 
function in the normal sense. Rather, each represerits a 
defined range of technology supporting a variety of social 
and political objectives. (Brooks 1978, p. 130). 

Two sets of policy issues emerge from these observations about the 
trend in research funding. One set of issues has to do with the relative 
emphasis, in the allocation of grants and subsidies, on basic research 
as opposed to applie<J^research. Another set of issues ha* to do with the 
allocation of research funds to activities related to various social 
function — among them defense, health, environmental protection, agricul- 
ir^#^ehergy, education, and welfare. 

Since government subvention of research is paid for by taxpayers' 
dollars, citizens have a stake and a legitimate Voice in the extent and 
focus of research that is supported by government funds. Industrial 
resealch is, of course, also paid for by citizens%n their role as con- 
sumers,' — The costs of research are built into the prices we. pay for drugs, 
gasoline, cosmetics, desk calculators, and television sets. The influence 
of consumers on allocations for industrial research is perhaps^more indi- 
rect and less well developed and exerol^ed than their influence on alloca- 
tions for governmentally funded research. 

The Politicizatian of Science . Governments and industries not only 
pay much of the costs of scientific and technological research today, 
they are also the principal employers of scientists and even more ap of 
engineers. Science and engineering have thus become politicized — 'perhaps 
more accurately, in Price's terms, science has itself become an establish- 
ment (Price 1965). The trustworthiness of scientific and technological 
expertise Wis traditionally depended on the ''objectivity" and "factuality" 
it brought to deliberations abtout controversial issues of social and 
public policy* As scientists and engineers have been employed to serve 
the purposes of various special interests, both within and outside govern- 
ment, £he "objectivity" and "factuality" of their expertise has been 
increasingly called into question. It is not that factuality and objecti- 
vity are no longer needed in policymaking but rather tha*^ policymakers 
are more and more called upon to judge the boundaries between "fact" and 
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"interpretation 1 ^ as they utilize' scientific and technological expertise 
The lack of— and need for— policymaking processes that take into 
'account the complex intertwining of scientific* and technological expertise 
with governmental and industrial employment was aptly described by Brookss 

Historically, both science and technological innovation • 
have received much of their impetus from war or f,rojn 
political competition between nation-states. In most 
industrialized countries the largetfOfi raction of techno- 
logical effort goes into projects fox national defense, 
space, and nuclear energy and a large' fraction also gfces 
into supporting national competitiveness in international 
trade. Is is estimated that 25 percent of the world's 
scientists and engineers are engaged in military research 
and development, and the great majority of the rest are 
engaged in industrial research. In these areas a fairly 
comprehensive system of innovation has. evolved, so that 
knowledge does move into action, and work in research and 
development is coupled to end products— though perhaps 
least successfully when governments have subsidized 
[research and development] directed at products and ser- 
vices for the' private market which, outside ,the socialist V 
countries, they have done most extensively in Europe and 
the United Kingdom, " 

w Today we are witnessing a % broadly based world-wide move- 
ment, both within and outside the technical community, to 
.utilize science and technology for less nationalistic pur- 
poses: for the alleviation of poverty on a global basis, 
for better management and protection of the world's resour- 
ces with minimum detriment to economic development, for 
the achievement of greater social justice, for the more 
reasonable allocation of the resources of the biosphere 
toward sustaining a decent human life for all people. In 
these areas, however, we are faced with a massive deficiency 
of experience in coupling knowledge to action. We scarcely 
know how to translate what we know into tangible benefits 
or wise social .restraints, and conventional wisdom, good 
intentions, and moral fervor are hardly adequate. The 
very success of technology in some areas has generated 
expectations which make its inadequacies in others seem 
the more glaring and inexcusable. The "if we ca^n land a 
man on the moon" syndrome has transformed what ,We expect 
from technology, but, in fact, Americarf successes in space 
carry relatively few lessons applicable to problems, like 
virtually all of those mentioned afcove, where conflicting 
interests and values play a large part. (Brooks 1Q78. 
pp. 127-128) . 



* f One of-firdoks f 8 points about the polittcization of science and tech- 
nology deserves further underlining: that a significant' proportion of 
scientific and engineering talent is employed in military research. The 
connections between war and technology are not new; such connections have 
existed throughout history* And, whatever the disvalues of 'an increasingly 
powerful military science and technology in the augmentation of 'human 
destruction, it is true that "fallout" from military research has in the 
past contributed to notimilitary .science and to peacetime technology 
^ernal 1965, passim)* Nevertheless, the capacity of modem military 
technology to destroy irrevocably the earthly habitat of mankind sheds a 
new moral light on our continuing investment in military research. 

Moreover, the concentration of scientific and technological talent 
in military research atxd development deprives people who are working on 
peace-serving problems of the resources they need in order to develop 

* .J I T* * 

solutions to these problems. In another essay, Brooks commented on the 
economic and other disvalues that result from the concentration of exper- 
tise in military research: 

In 1970, the total research funds in the world devoted to 
military efforts were estimated at $25 billion, about 40 
percent of the world total for research generally. Some 
25 percent of the world's scientific and technical man- 
power was engaged in research which, however general its 
^potential application, had been originally justified pri- 
marily on military grounds. This 25 percent probably rep- 
resents the most sophisticated and highly trained segment 
of the technical community. The military devotes much • 
more money than other economic enterprises to do research 
and development : it accounts for one-eighth of all world 
„ ^expenditures for military purposes, whereas in manufac- 

turing industries in the United States, for example, it 
' p ' accounts for only about 4 percent of sales. From 1958 to 
1965., 8d percent of the personnel additions to research 
and development occurred in just two industries, aerospace 
and electrical equipment, i*e., those most heavily involved 
in government-financed defense research. In 1968 roughly 
43 percent of the physicists in this^ country with doctoral 
degrees were at least partially dependent on military bud- 
gets for support of their scientific effort. Moreover, a 
significant fraction, perhaps 20 percent, of the scientific 
recruitment in the 1960s was accomplished through a "brain 
drain 11 of trained people from the rest of the non-Communist 
world, including the less industrialized countries. . . . 
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There Is now fairly wide agreement amdng economists that, w \ 
the American concentration of space and defense in the - . 
early 1960s had a depressing effect on innovation in the 
private economy, as well as on efforts for public improve- - 
ment in such areas as pollution control, public transpor- 
tation» and housing* A recent study by Boretsky suggests 
that in the Netherlands and Japan the number of scientists 
- v and engineers per equivalent dollar of GNPln civilian ^ 
industries is more than two and a half time a. larger than 
in the United States. This gives a somewhat exaggerated 
picture , because there is some civilian "'fall-out" from 
military and space research and development in the United 
States, but it does suggest one reaspn for the recent poor »> 
performance of this country in international trade, and\it 
is indicative of the possible price paid ffrr preoccupation 
with military research over the past two decades. 1 

To the extent that science and technology and their wide, 
diffusion are important components of world economic devel- 
opment* the statisitcs quoted above reveal that the diver- 
sion of human resources to military expenditures is much 
more serious than is the diversion of economic resources. 
(Brooks 19 75, pp. 93-94) 

Brooks has pointed' out that some scientists have undertaken to afct 
as the "conscience" "of society with respect to the humane and construc- 
tive uses of science-based technologies. For example, a group of "atomic" 
scientists who were appalled by the awesome potential of the nuclear energies 
they had helped to release established the Educational Foundation for 
Nuclear Science in 1945, Since that time, this foundation has published 
the Bulletin the Atomic Scientists as a "magazine for public affairs." 
Because of its analyses of the actual and proposed uses of nuclear energy 
and related social and moral issues, this publication has become an indis- 
pensable resource in the education of the public (Bulletin 1945—)/ Simi- 
larly, the Federation of American Scientists continues to publish its FAS 
Public Interest R&ports under the caption "the voice of science on Capitol 
Hill" (FAS, 1964—), The Newsletter on Science, Technology and Human 
Values, produced under the auspices of the Harvard University Program on 
Science, Technology and Public Policy, provides reports of current devel- 
opments in the interface between science and other parts of society and 
discussions of th$ tnoral implications of scientific and technological 
developments. This Work is supported by a grant from the National Endow- 
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nant for thellumanitiee. Such materials are important for teachers of 
sociaistudies as they explore, with their students, the interrelation- 
ships between science, ethics, and social policy. 

Closing the Communication Gap. The traditional time lag between 
discoveries in basic rHiearch and conversion of these discoveries into 
changes in production and practice is due in part to the lack of estab- 
lished communication channels between scientists and those who make 
decisions about ^^gplicy and practice. The development of intermediate 
roles between tnlrae of basic scientists and those of "managers" and 
"consumers" — the roles of the applied scientist and the engineer — has 
already been noted. 'Efforts have been made by both governments and 
private corporations to develop "systems which provide for continuing 
communication between occupants of these various roles (Havelock and 
Benne 1966; Havelock 1973). 

One example of such an effort by government is^the Agricultural 
Extension Service, which seeks to link basic agricultural research with 
the developmental work of agricultural experiment stations and, in turn, 
with farmers through the services of county extension agents. There* is 
little doubt that the 'vast increases in agricultural productivity in the 
United States during the past few generations have been facilitated by 
the AES. Ideally, this system should provide for two-way communication 
between researchers and the consumers of the fruits, bitter or sweet, of 
research applications. Unfortunately, communication between researchers 
and producers has been more sustained and effective than communication 
between consumers and those who determine the focus and direction of 
agricultural research and development. 

A comparable system for knowledge utilization under industrial con- 
trol and supervision has been instituted by Bell Laboratories of the 
American Telephone and Telegraph Company. Described oversimply, the 
system provides for two-way communication between" basic researchers and 
developmental engineers in Bell Laboratories, and, in turn, between the 
laboratories and the operating managers of telephone services. The 
system is supervised and managed by a linking agent in the form of a 
"systems engineer." This system has no doubt rationalized and regularized 



22 



the adoption of knowledge-based innovations in telephone Service. 
Again, the main difficulty has been a lack of an effective way of 
incorporating feedback about consumer needs and preferences into the 
production-oriented system. 

r 
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3. METHODOLOGICAL CONSIDERATIONS 



v The Nature of Policy and Policymaking 

When people in a situation are confronted with new alternatives to 
customary ways of doing things, ongoing action Is blocked. A decision 
must be made before wholehearted action can be resumed. This decision 
may take the form 6f a choice from among various Immediately envisioned 
courses of action. Or' the decision may follow a process of deliberation 
In which neV alternatives are Invented and assessed and a synthesis of 
or compromise between apparently conflicting alternatives Is created. 
If a group or organization Is Involved, subgroups of people normally 
support different alternatives. The process o/f deliberation theii takes 
the form of negotiation between the various subgroups or their repre- 
sentatives in an effort to identify some plan of action which will elicit 
support and compliance across subgroup boundaries. 

The need for decision is often precipitated by novel conditions that 
render established ways of acting unworkable or otherwise unsatisfactory. 
New potential benefits and/or threats lead people to seek new patterns of 
action. New scientific knowledge and technology often precipitate such 
decisions, requiring people to make choices unprecedented in contemporary 
society, r . 

Because no two decision situations are exactly alike, the most appro* 
priate decision will vary from situation to situation. However, it* is 
equally true /'that., in an interdependent social system, similar decision 
situations confront people in various parts of society. People in Mas- • 
sachusetts will be affected by the way people iti California decide to 
handle a given situation, and vice versa. In the interest of finding 
equitable and more or less- coherent ways of handling similar situations 
across society, decisions at a more general level— decisions that pre- 
scribe ways of handling a "family' 1 of situations—are often thought to 
be desirable. These general decisions are policies, 

Ordinaril/, policies do not dictate the same actions for all sit- 
uations, whether by prohibition or by prescription; to do so would deny 

s 
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people the right and responsibility to shape decisions appropriately to 
situations that are* unique in some respects. Wholesale policy prohibitions 
are usually made when some course of action is thought to be so prejudicial 
to the public welfare that it must be taken out of the range of individual 
choice — for example, trafficking in hard drugs or exposing other people 
to a dangerous contagious disease. Wholesale policy prescriptions are 
usually made when uniform behavior is thought to contribute significantly 
to public welfare — for example, driving on the right side of the road or 
stopping at red lights, \ 

Most often, a policy leaves some leeway for variations in judgment O. 
and decision as to the best way to handle a particular situation. It then 
takes the form of a^slt of guidelines or limits. For example, before a 
nuclear power plant can bp constructed in a given area, policy may 'require 
a study of the environmental impact of the proposed installation, may - 
insist upon safeguards to the health and safety of workers in the^plant 
and of people living in its vicinity, and may prescribe limits to permis- 
sible air and water pollution. Open public hearings may be required before 
final decisions on location and construction are made. The policy require- 
ments must be considered along with the traditional economic components 
of industrial policymaking in our society — cost-benefit ratios, availa- 
bility of funding, and estimates of profitability. 

It is important that the intended outcome of a successful process of 
policymaking be kept in mind. The desired outcome is not new knowledge 
and information, as it is in the case of scientific problem solving— 
although, ideally, valid knowledge and information will be assembled and 
utilized in making thfe policy. Rather, the desired outcome is a workable 
and enforceable way of handling a given situation. The judgments Jihat 
enter into a policy decision are pragmatic: they are value judgments about 
the best norms, procedures, and patterns of action. These judgments 
reflect social expectation^ about the "right" way of handling a practical 
situation of some specified kind, and the- policies that result from them 
usually provide for sanctions against persons and groups whose actions do 
not comply with these expectations. The very stuff of such judgments is 
a set of M goods""and "bads," values and disvalues, which are at stake in 
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the courses of action being considered, "However, as will be made clear 
later, policy choices are seldom if ever choices between "good" values 
and "bad 11 values* Rather, they usually reflect decisions about how com- 
peting and conflicting "goods 11 can best be balanced and competing and 
conflicting "bads 11 can best be minimized or avoided. Since these various 
"goods" and "bads" are usually represented in the arena of policy delib- 
eration by groups with differing and conflicting interests, policymaking 
often takes the form of /reconciling the conflicting interests of the 
various groups. In this sense, policymaking is always a political process. 

No distinction Jjps so far been made between social policy and public 
policy. Very often in our society, policies take the form, of legislation 
whiqh purports to define the "public" interest in an area of action where 
competing and conflicting special interests are also involved, A law 
defines "public policy" in a general way. Those who are mandated to exe- 
cute and enforce it usually flesh out the law through issuing a set of 
administrative guidelines which give operational meaning to the legisla- 
tion. And the meaning of a "public policy 11 is further spelled out by 
judicial decisions concerning cases brought to court under the law. 
"Public policy 11 thus involves governmental actions , and these actions 
typically have legislative, executive, and judicial components. The 
participation of citizens in influencing public policy may focus on any 
or all of these components. Citizens may try to^ influence legislation. 
They may try to affect the administrative interpretations of the law by 
influencing those who are designated to execute and enforce it. And they 
may bring cases before the courts to test the fairness or constitutionality 
of a law or its administration. 

"Social policy" has to do with the formation and articulation of 
public opinion Amcerning just: ways of handling policy dilemnjas which 
confront a society. It has to do with the definition of a common interest 
in handling and wisely controlling conflicting special interests with 
respect to a social issue. Sometimes social policy is strong enough to 
order and direct social practice without resort to legislation. For 
example, it is social policy in the United States to conduct schools in 
fall, winter, and spring with extended summer vacations, Compulsory- 
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attendance laws usually prescribe a minimum number of school days without 
reference to the seasons in which attendance is required; it is unlegislated 
social policy which prescribes seasonal attendance. 

0r t to take a science-impacted issue as an exajnple, inoculation against 
polio waited for methods of effective prevention. When the Salk and Sabin 
vadcines were developed and tested, unwritten social policy motivated most 
parents to have their children inoculated. In many areas, legislation 
requiring compulsory vaccination was .unnecessary. Whether fading public 
awareness of the horrors of polio will lead to universal laws compelling 
vaccination of all children is an open question. However, social policy, 
revivified through public education, may still be found preferable to 
prescriptive legislation as a means of controlling the problem. 

Sometimes public policy, in the form of legislation, follows achieve- 
ment of an agreed-upon social policy and is in effect a codification of 
it. At other times, public policy is one step in the formation and artic- 
ulation of supporting social policy toward a new public consensus. Legis- 
lation may prove to be unenforceable when it runs counter to an articulated 
social policy, as witness the unsuccessful attempt of the U,S. government 
to prohibit the production and sale of alcoholic beverages. 

In this monograph, we use the broader term, "social policy, 11 in dis^ 
cussing education with respect to current social issues precipitated by 
^scientifiic and technological breakthroughs. t The formation and articulation 
of social policy is always basically a process of educating the public. / 
However, we do not mean to deny , the desirability — or, at times, the necessity- 
of legislating public policies to effectively resolve such issues. 

We stated earlier that policy decisions are are seldom, if ever, x 
simply choices between "good" and "bad. 11 Rather, we pointed out that a 
policy is a decision based on trade-offs between competing or conflicting 
"goods." When different groups advocate conflicting "goods," the aim 
of policymaking is to merge conflicting interests into a commonly acceptable 
interest. 

It may seem to some that "goods," or positive values, do not or cannot 
conflict. However, the fact that they ate often in conflict is readily 
apparent if one Imagines designing a tool — for example, let us say, a 
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chain saw. One value which may be embodied in the design is durability. 
/ Another value is safety operation. Still another value is light 
>> weight and easy handling. Yet another value is reasonable price. It i's 
apparent that the valufe of durability and that of light weight and easy 
handling may be in conflict, because the most durable materials are 
likely to be heavier \. than would allow for easy handling. Wise designers 
would hot try to maximize either value; rather, they would set standards 
of durability and height which wete compatible. Similarly, the value of 
safety and' that off reasonable price may be in conflict, ^gain, the aim 
>of designing is to reconcile these conflicting values by making some 
compatible' and acceptable trade-off between the two. 

The case jts no different for policymakers. Policymakers who are 
concerned aboiit^ making plans for controlling the construction and oper- 
ation of nucleiar power plants are likewise confronted with conflicting 
positive valUtes^vOne such value is to utilize a fuel which does not 
further deplete our 4 w indling supplies of petroleum. Another value is 
the proteption of workers and people who live near the plant from 
unhealthful levels of radiation. Still another value may have to do 
with the protection of marine life if water used in cooling the reactors 
is dumped into a river, ocean, or lake. Yet another value is ensuring 
the security of nuclear fuel from pilferage by terrorist groups?* An<i_ . 
still another value is production of electricity at a competitive price, ' 

To try to completely eliminate even the possibility of radiation 
leakage or pilferage might run, t fee costs of a plant so high that elec- 
tricity could not be produced at a reasonable price. A cdoling system 
that is completely devoid of danger to marine life might call for inor- 
dinate use of limited water-supplies. Here again, the goal of policy- 
making is to find an acceptable balance between the competing values 
; -at stake in the policy decision. . 

:/ Thomas Green formulated this, central policy cbncept as "optimality;, u 
and defined it thus: ^ 

By optimality, I mean to refer to the best ce^ipbaitibn of 
conflicting goods so that the optimization of*\fchy whole 
set may require something less than the' maximiration of 
each in order to get the greatest amount of themjall in 
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combination./ The concept of "optlmailty n understood in 
this way is an interesting notion. There is a kind of 
duality in its logic th^t may well mark it off as unique. 
On the one hand it has to do always with what can be 
chosen. Therefore, it. is always related to what is 
possible. "Optimal 11 means "feasible." But on the other 
hand, even etymologically , "optimal ity fl relates to what 
is- best. , There is alwayd that normative aspect tp its 
logic. On the one hand, th,e concept *of optimality dead 
always with what is possible; but, on -the other hancP, .it 
touches on what is ideal, what is be$t% (Greeij 1978, pp. 3*4) 



the aim of policymaking is 
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If Green is right, and we believe that he is, 
to achieve an optimal resolution of a policy Issue. But .optimal resolu- 
tions cannot be reached without joint particijation and deliberation by 
conflicting parties in a controverted situation. Ia one oif the more w ' • 
comprehensive attempts to describe and analyze the process of policy 
deliberation for educators, the authors noted that participants in such 
deliberation jiiust learn to function at least in three distinguishable 
moods (Raup, Benne, Smith, and Axtelle 1943 an<i 1963). v, 

First, policymakers must function in the optative mood. This flieans 
that they must project into the future and invent alternative ways of 
handling the conflicting situation for which ttiey are seeking an optimal 
resolution. What is required is a kind of practical Utopian thinking — a 
spelling but of their action intentions and. of their visions of what is 
best for their situation. Futurists of various sorts have emerged in 

recent years (Boulding 1973). The kind of futurist thinking we believe 

* ] • . 

students should learn is not a value-fr£e extrapolation of social or 
economic trends discernible in the present, but rather^an exploration of 
values that they are willing to support in decisions about present and 
future issues. Such an exploration requires imposing personal or group 
priorities on various conflicting values. It is true that the help of 
experts will be needed in projecting the values and disvalues which will 
follow from various ways of utilizing available knowledge and technology 
This process involves the construction of variou^ scenarios illustrating 
the future effects of adopting various ways of uiing knowledge and tech- 
nology. In a democracy, the choice between competing scenarios must be 
made by citizens, not delegated to experts. '(Futurist thinking will be 
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discussed further in the next section on teaching methodology.) 

Policymakers must also function in the indicative mood. They must 
explore what actions are possible and feasible in any given situation, 
A policy which prescrittes impossible or unfeasible actions is actually 
no policy but a Utopian dream. The Utopian thinking we suggested earlier 
must be practical Utopian thinking: optative visions of the future must 
be tempered by indicative measures of what is possible and feasible at 
present. Citizens must depend upon experts for judgments about the 
possible and feasible uses of available scientific knowledge and technology. 

Finally, policymakers must function in the imperative mood. They 
must, choose from among alternative ways of acting which have been found 
to tj£ both desirable and feasible, and actively support the chosen alter-^ 
native. Making decisions is always risky, and risk cannot be eliminated 
from policy decisions. However, decisions may include provisions for 
evaluating the chosen policy as it is tried in action and a commitment to 
revise the policy in the light of these evaluations and o£ new knowledge 
and experience* 

Several needs of citizens in policymaking have been identified. 
The first such need is for access to relevant expertise. In developing 
policies for managing soqial issues precipitated by innovations in science 
and technology, access to the expertise of scientists and engineers is 
essential, and the expertise of others — economists, lawyers, politicians — 
is also often necessary. Scientific and technological expertise is espec- 
ially useful when citizens are functioning in the indicative mood — find- 
ing out what courses of action are possible and feasible , 

Citizens may also need the help of experts as they think optatively — 
constructing scenarios af the future. (Actually, ttte invention of possible 
futures requires a t$pe of imaginative thinking more-of ten attributed to 
science-fiction writers than to scientists and engineers.) However, cit- 
izens should not delegate the invention of future scenarios to experts, 
since it is the clarif icatioh of their own values which is being achieved 
through Qptative thinking. And we must also caution against the delegation 
of final decisions (imperative thinking) to experts, since delegating 
this authority robs citizens of their rights and responsibilities in a 
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democratic society* Of course, scientists and engineers should partici- 
pate in making final decisions in their role as citizens* 

The ability to think futuristically is an important aid to citizens 
in policymaking. Policy choices are sometimes made with little or jio 



a goo4 chance of being inhumane — even antihuman, in effect. Futuristic 
thinking should help citizens imaging and feel the human consequences of 
alternative ways of handling the powers inherent in science and technology. 

A third aid to citizens in policymaking is the participation and 
counsel of relatively disinterested parties* People who have a strong 
partisan interest in the outcome of a policy decision of ten^f ind it hard 
to understand the viewpoints/ of their opponents* Yet without stnne degree 
of communication and understanding between opposing groups in a policy 
conflict , an optimal resolution to the conflict is highly unlikely* The 
participation of disinterested persons can help bridge the differences 
between opposing group's and thus facilitate the creation and adoption of 
an optimal policy. t 

There are several important pitfalls in policymaking which citizen 
participants, young and old, should learn to avoid. One such pitfall is 
to view the policymaking situation as one in which conflicting persons 
and groups are trying to reach a common belief about moral ultimates. 
In a pluralistic society, groups differ concerning their basic moral 
commitments, whether these are defined in terms of religious affiliation 
t>r of political ideology. These differences in moral commitment persist 
throughout many policy conflipts and decisions. When the desired policy 
outcome is perceived as the adoption of a common belief, participants 
feel threatened by opposition and criticism and respond to each other 
defensively. Conversely, when the desired policy outcome is perceived 
as a decision about what to do in some specific controversial situation, 
the threat to group and personal security is reduced and the chance of 
open and constructive communication is enhanced. We do not mean to imply 



imaginative consideration/ of the consequences for the human beings who 
will be affected by^hem — their -health, prosperity, even survivals The 
persons so affected may include not only those now alive but also those 
who have not yet been born. Choices made without such consideration run 
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that moral beliefs do not affect * person' Q q r grip's stand on a p0llcy 
issue— they often, perhaps always? do. .V e mean, rather* that if partlci _ 
pants In policymaking-can-^eco^nt^ and te 8 pect differences in e ach other's 
moral convictions and at the same time fo Cvl8 on pract ical and opt tmal ways 
of handling a conflict situation, the c^ces of achieving a rati ooal policy 
outcome will be enhanced. 

Another pitfall, .closely relied to thi first described, is to polar- 
ize the policy conflict into a struggle between the "good g u y s " and tfce . 
"bad guys" (the other side). I n ^ch a si tuatl(m the focus <if energy iaV' 
on winning a game rather than on devising a 8olutl on that i 8 posa^e and 
feasible, one which optimizes tho* e values w hi c h best command the a lle- 
giance of all the parties involved A P°li cy conflict I s always t n Some 
measure a power struggle. Opponents in a Po iarized situation are g0 
„ wrapped up in the power aspects of the con£ lict tn at assessment of tne * 
merits and demerits of various proposals • la neglecte - d . exchanges between 1 
the conflicting parties is primar* 3 ^ d ire C t e d toward enhancing th e p0W er 
of one's one group and weakening the power of the opposition! On e effect 
of polarization in a conflict situation is that the p0te ntial contributions 
of disinterested persons in mediating the conflict are ignored. 

When policymakers fall victim to one 0j - both of the pitfalls a ir<> a dy 
discussed, a third and deeper pitfall may emerge: the dehumanizat lon of 
the policy conflict. The conflict then cea aeS t o be a g^e of wi ntllng 
and losing and becomes a war to th e death. Members of the confli cting 
groups cease to be human beings in the mind s of their opponents; they 
become demons, undeserving of hum** rights. Thelr suppression, imprison- 
ment—even death— come to be seen iiot on ly as beyond moral censure but 
actually as admirable and rightful* Th 4 an parties in Such a st tuggle 
are dehumanized may not be apparel at the tlme# j^gg who point Qu t and 
object to this dehumanizatlon are * een as " the enemy <. b y Partisans i n 
the struggle. t 

This kind of dehumanizatlon usually o Ccurs ln wars , b ut it i s qulte 
possible in "peacetime" situations a s well. The persec ution of wit ches 
in 17th-century Salem and the McCaf th -y "wit ch hunts" of . the 20th c en tury 
are dramatic examples from America* 1 history, No dou b t thousands of 



33 



examples of such dehumaftization occur lopally throughout the United Spates 
on a smaller scale, vhen the frustrations of unresolved policy conflicts 
Ire attributed to the existence of sdme visibly "different" group, and # 
when It Is falsely believed that the elimination of this group would 
bring relief from the pains of frustration. 

The Holocaust in Nazi Germany, In which millions of Jews were 
exterminated in the horrifying hope of attaining an Aryan millenium, 
bear 8 at least two important reminders for students of policymaking. 
The first is that people who are frustrated by unresolved policy issues 
can be led into deeply irrational and antihuman efforts to relieve 
their frustrations, and that none of us is immune to irrational behavior 
when the conditions are appropriate. The second, is that such demonic 
movements can occur even in societies characterized by highly developed 
science and technology, Jews in Nazi concentration .camps were exter- 
minated by the use of advanced technological methods, They were usedtas 
subjects in scientific research. For Jews had ceased tp be seen as 
human beings by their Nazi oppressors and by the functionaries who 
worked under the direction of these oppressors. 
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Methods of Teaching About Science and Social Policy „ 

A discussion of teaching methods makes little sense without some 
attention t& the learning outcomes which the methods are designed to 
produce. The authors have identified six general learning objectives in 
the study of science and social policy. More-specific objectives can 
(and should, of course) be derived from these in designing particular 
learning experiences. 

1. Students ^hould come to understand and appreciate that ^bientlfic 
and technological deWlopments produce major effects in the lives of people— 
themselyes and others. They should come to understand that these effects 
are both good and bad, and that social policies are required in order to 
optimize the uses and minimize the abuses of the power inherent in scien- 
tific and technological developments. 

2. Students should come to understand and appreciate that pitizen 
participation in policymaking is required if policies are to incorporate 
a common, public interest and are not to be oyerinf luenced by various 
special interests — among them the special interests of scientists and 
technologists — as policy conflicts are resolved. Students should come to 
recognize that, since scientific and^ technological research. is supported 
largely by public funds, citizens have a valid claim to participation in 
decisions about how these funds are to be spent. 

3. Students should come to understand the way/" in which laymen are 
dependent on the knowledge and kndw-how of experts— scientists and engineers, 
among others — in making valid and workable policies. But students shot^i^ 
also come to recognize that policies involve moral and> value judgments 
abdut the best ways of controlling the human effect? of science and tech- 
nology. They should come to see that human value judgments cannot be 
properly delegated to experts but must instead be < based on a wide sampling 

of citizen judgments. 

4. Students should be encouraged to clarify their own values with 
respect to the social issues raised by scientific and technological break- \ 
throughs. They should be encouraged to learn and use inethods of clarifying 
their values anew as future scientific and technological developments > 
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precipitate fresh social issues for public .debate, discussion, and 
resolution, 

5, Students should learn effective ways of translating their values 
into participative action. These ways involve such complex skills as 
(a) listening to and dealing with people who hold different and opposing 
views, (b) distinguishing between factual information and interpretations 
of information (this is specially important in using and learning from 
exerts), (c) using the resources of /Experts without surrendering their 
own responsibility for choice, (d) effectively presenting their view*- 
ip public debate and discussion in various media, (e) negotiating cre^ 
atively with persons and groups with conflicting viewpoints,, and (f) 
influencing decision makers', whether the^e be legislators, executives, 
administrators, or powerful citizens, Sucn\skills can be learned only 
through experience in situations which require^thairpractice and through 
reflection ^pon and evaluation of the meaning of such^experience, 

•6. Students sfiould develop commitments to exercise their rights 
and responsibilities as citizens through participation in developing 
social policies whichaffect the future quality of their own lives and 
the lives of other people. Many citizens* are now blocked from parti- 
cipation, not only because they -lack the understanding and skills out- 
lined above but also by feelings of powerlessness and alienation, by 
lack of support from others in taking action, and by lack of available 
formats and forums for engaging in effective participation. Students 
will no doubt bring such feelings and doubts to the classroom. Part, 
of \he task of teachers is to help them air these feelings, to develop, 
peer support for taking action as citizens, to discbver available formats 
of citizen participation which are not being used fully 'or .effectively , 
and to encourage students to invent, test, and evaluate new patterns and 
forums for citizen .participation. ! . 

If these six learning objectives are accepted as desirable (the 
authors readily admit that they are debatable), we can appropriately 
consider methods for achieving them. However, we recognize that, as 
'desirable as all of these learning objectives may seem in theory , attempt 

to achieve some of them mav not be feasible in all school situations. 



Some objectives may call for methods which teachers do not feel confident 
and comfortable about employing. In some cases communities, school systems, 
and schools may place limits on experimentation with novel methods of 
ltarning and teaching. Nevertheless, we believe that some of the learning 
Objectives are achievable in nearly all school situations, and that some 
achievement is preferable to no teaching about science and social policy. 
The discission of methods in this section is general. Specific sug- 
• gestions for teaching and learning are included in Part II of this monograph. 

Objectives 1-3; Reading^ Writing, and Debate 

The first three learning objectives may, we believe, be attained by 
more or less traditional teaching methods or by modifications of these. . 
The heart of traditional teaching methods is reading and discussion. 
Discussion, for the authors, means exchanges between students as well as 
interactions between teachers and students . Before assigning readings, 
the teacher should help the students realize how the issue to be studied 
presents itself in their own lives. If the issue to be studied has to do 
with the effects of electronic technology, for example, students might be 
asked to identify all of the ways in which electronic technology now N 
enters into their lives— television, CB and other forms of radio, pocket 
Calculators, digital clocks and watches, computers, etc. They might be .r 
asked to discuss what life would be like if this technology had never beeii 
invented, if the knowledge behind the* technology had never been discovered. 
They could be asked to consider how life might be better or worse Without 
these inventions. £ 

The reading assigned should reflect varied and conflicting views 
about the issue being studied. Without varied and conflicting views, 
there is nothing "live" to discuss. Some students may find one view ' , 

acceptable; other students may be attracted to a different view. Teachers J 
should encourage such diversity of opinion because there is no one "right" 
answer to social issues which are still unsettled. However, teachers, ' 
should expect students to learn to articulate the reasons and evidence T 
which lead them to favor one view over another and to understand views 
opposed to their own. 
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Readings which show that experts disagree /in their f ©commendations 
for resolving an issue provide opportunities fipr students to appreciate 
both. the value and the limitations of expertise}- They will fc lnd that 
there .are some "facts" on which experts agree, but that differences arise 
in the interpretations of that inf ormationT" Students v>il'l discover that 
these differences arise frof!j|the conflicting interests an^ valUe orienta- 
tions of the various experts. In identifying these interests and value 
orientations, students may come to identify their own int^ r e s ts and values 
With respect the issue. At some point, the discussion should focus 
on how citizens — including the students themselves— anight bring their 
own opinions to bear in resolving the issue, whether thro u 8h Voting for 

candidates with views similar to theirs, writing letters to t^ e ir repre- 

r ' 
sentatives in Congress or other public officials, participating in 

public hearings and demonstrations, or trying to educate others about 

the nature and importance of the issue. 

Another traditional teaching riethod is that of assigning written 
reports 1$^students, In writing reports, some students ro^y be inclined 
to afford uncritical acceptance to statements made by prestigious experts, 
among them scientists and engineers. Other students may show the oppo- 
site behavior — they may reject the pronouncements of etfpe^tg On principle 
and refuse to think about them seriously. 

For some students, the very fact that people speak with the voice 
of authority automatically renders them suspect. By and iarge, however, 
the. kind of automatic challenge to authority that was pre v 3l e ^t in the 
1960s appears to have declined. What teachers are more likely to be faced 
with today is either total acceptance of expert opinion, numbness and 
apathy,, or l^ck'of triist in" one's own judgment. 

Thus, the kind of reports' which we are suggesting should be assigned 
to students would focus on how the conventional wisdom of . scientific 
experts has been overturned in the past. In each of the unit 5 developed 
in Part II, examples of these reversals of expert opinion a * e noted. 
Teachers and students can discover and pursue others. Th# object, of 
course, is to create i degree of skepticism about matters in, Which students 
obviously have little or no background. The attitude to t> e et *couraged 



is a healthy skepticism toward statements made by experts. The danger, 
of course, is that such an attitude may lead to cynicism or encourage the 
automatic rejection of expert authority. Identifying the line between 
credulity and cynicism is a challenge to both teacher and students. If 
this balance is achieved, writing a report focused on the historic conr 
founding of "slcientif ic" predictions will be a healthy antidote to swallow- 
ing whole the opinions of experts. 

One example of such a report might focus on the impact of nuclear 
power plants: Do they pose unacceptable hazards to present and future 
populations, or are they in fact safer than other kinds of energy sources? 
It is possible to quote eminent, respectable experts on both sides, with 
the result^ that the lay person is at times left breathless—looking back 
and forth between the pros and cons as if watching a tennis game. Yet, 
whatever conclusions may be drawn, it is clear that some assertions made 
shortly after nuclear energy was harnessed were later acknowledged to 
have beeii mistaken by nuclear scientists and engineers themselves. One % 
important outcomeVf doing the research required to write such a report 
is that students will discover that even experts change their minds as 
they acquire new knowledge and insight3. 

Other report topics might be taken from the field of medicine. For 
example, the practice of performing cerebral lobotomies on seriously ill 
mental patients— once thought by many experts to be the answer—has been 
challenged and abandoned^ Of course, this change in opinion* was due in 
part to the development of psychotropic drugs which alleviate extreme 
anxiety or other symptoms of mental illness. Similarly, the history of 
the drug industry is replete with examples of "wonder" drugs which were 
produced, tested, and considered safe— but whifeh eventually turned out 
to be cancer-producing or otherwise dangerous to the mental and physical 
health of persons ingesting them. 

In writing repprts about shifting fashions in expert recommendations, 
students should be ericouraged to assume the honesty- and good intentions 
of those who were later proved to be mistaken. This is essential, lest 
the students develop not only a chamber of "scientific" horrors but also 
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a rogue's gallery of "evil scientists" who deliberately tried to mislead" 
mankind. 

Another teaching-learning paradigm in an adaption of the debate 
method, which almost all social studies classrooms have employed as a 
learning activity. In a typical debate, students bone up on^the^p^os 
and cons of a given issue. 

Obviously, the teaching suggestions in Part II allow plenty of room 
for taking pro and con positions, and it is often desirable to state 
these explicitly in order to bring into focus the issues involved. How- 
ever, one of the goals of teaching these units is to raise questions 
about whether one or another extreme position, if adopted, would lead to 
desirable social or public policy, 4 Thus we are suggesting a change in 
the traditional debate format. In our modification, the students in the 
class who are not assigned to "pro M and "con" teams are divided into 
three listening groups. One of these groups is told to identify with the 
M pro ? ' position and another with the "cons." Each of these groups is 
instructed to listen to the arguments of its own side and judge whether 
these arguments are persuasive. Each group is also asked to consider 
what other arguments could have been utilized by the protagonist team to 
which it was assigned. The third group looks for a "middle" way — tries 
to decide Which arguments on both sides make sense and whether it is 
possible to synthesize these arguments into a third, more acceptable, 
position. 

The usual vote on who "won" the debate would not be functional in 
this activity. Instead, in a discussion following the debate, each of 
the reviewing groups reports its observations and conclue ous . The two 
groups assigned to identify with the "pro" and "con" team:, will note 
which arguments appeared to be overstated, understated, or omitted. The 
third listening group will report what integrative or compromise position, 
if any, they think may be more desirable than either extreme. 

The learning goal here is obvious* In debates on public policy 
issues, a tendency toward polarization is inevitable. What we are trying 
to do is devise some means of inhibiting, or at least constraining, 
polarization. In this way the debate might encourage an attitude of 
critical detachment—obviously a requisite to making wise judgments 
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about desirable social and public policies for controlling science and 
technology. 

In advocating this classroom strategy, W e want to point out that it 
is very unlikely that any student—or any teacher, for that matter-** will ' 
be able to make a Solomon-like judgment that stills conflict once and for 
all. Each of the issues dealt with in Part II will generate partisan 
expressions from students in the course of discussion. Some Issues will 
be more affect-laden than others, For example, discussion of the biolog- 
ical revolution, with its controversial implications in terms of abortion 
and genetic engineering, will at times provoke strong nonrational or irra- 

A 

tional feelings which get in the way of an objective assessment of the 
pros and cons of the issue. 

Objective 4: A Value Paradigm, Futures Invention 

Achievement of the fourth objective requires less-traditional methods 
of teaching and learning. Traditional schooling did, of course, attempt 
to inculcate value orientations in students, and some of this inculcation 
took place through open exhortation and indoctrination. Probably more 
often, however, it took place incidentally and often preconsciously through 
the selection and slanting of cognitive materials in such subjects as 
history and economics and through institutional, reward systems which 
encouraged some student behaviors, attitudes, and choices and discouraged 
others. Decisions about what values should be taught and learned were 
made by adults — most often by those in the teaching profession, less often 
^ by parents and other interested persons. .Students played little conscious 
part in the identification and development of their own values. 

As various groups in our pluralistic society have become more self- 
aware and vocally demanding, attempts by schools to inculcate certain 
values at the expense of others have come under increasing attack and 
criticism. This criticism has taken many forms — demands by blacks for 
the teaching of black history, demands by Christian fundamentalists for 
the teaching of biblical "theories' 1 of creation in place of ^or along with 
theories of organic evolution, demands by patriotic organizations that 
the emphasis on internationalism in teaching social studies be reduced. 

One possible response by school people to legitimate criticisms 



of this sort--a response which the authors regard as constructive — is to . 
find ways of helping students to become aware of their own value orienta- 
tions and to assume responsibility for the continuing development of 
their own value systems, . The ^fourth abjective — "Students should be encour- 
aged to clarify their own yalufes with respect to social issues raised by 
scientific. and technological breakthroughs" — ife iix keeping with this 
educational response to the pluralism of group interests and value 
orientations in contemporary societies. 

It is not easy for students or for anyone else to develop an awareness 
of the general beliefs that lie behind their specific choices and prefer- 
ences. These views and beliefs are ordinarily assumed and taken for 
granted. ' Yet no one can become responsible for the continuing development 
of his or her views and beliefs unless these are lifted into consciousness. 

There are several methods of value clarification now being employed 
in educational settings, and 'all have some merit. However, most of these, 
have not been developed specifically to help students learn the discipline 
of responsible participation in policy decisions. 

One paradigm which we recommend involves a value continuum with 
respect to social change. We have identified five value positions: IB, 
no change; 2B, minimum change; 3, a middle position; 2C, moderafc| change; 
and 1C, maximum change. All five together make a continuum whiCTi can- We 
utilized to help students choose those positions that best represent 
their own views. Of course, few of us have such well-articulated positions 
that we can comfortably situate ourselves at one or another point on 
the y continuum. However, this difficulty can be used constructively to 
counteract the tendency of some students to automatically pick a position 
and then explain it by retroactively formulating an ad-hoc value orienta- 
tion. Experience with the value contimuum may also be used to raise 
questions about whether most people really are fixed, or consistent, in 
their value orientations. (There are, of course, some ideologues so 
fixed in their positions that they might deny the existence of any real 
Continuum. ) , 
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No Change (IB). A person who chooses this position might think about 
the social effects of science and technology in the following way: We 
have, had more than enough change as a result of scientific and technological 
advances. It is -difficult to see that people are "any happj.eir or better * 
off. than they were in the pre-industrial/sdentif ic era. The multiplicity 
of personal amd family problems, many of which stem from social upheavals ' 
due to technological changes, could have been avoided if so-called progress 
had been averted or at- least slowed down. Let spend our tax dollars 
to reduce poverty, to ameliorate the conditions of our society's unfortu- 
nate. What is the value of scientific discoveries which prolong life 
when we thereby increase the burden^ on the living 3 ? Why continue to 
support science and technology in destroying the life-support systems 
upon which human survival depends? 

Minimum Change (2B). People in this position are willing to support 
a certain amount of scientific and technological change and experimentation. 
But they feel that society should be wary of encouraging such ventures as 
genetic engineering or behavior modification, because we do not know where 
these changes will take us — and the negative prospects are too frightening 
for us to take a chance. They believe that no scientific or technological 
advance which will open up radically new and only partly comprehensible 
frontiers* should be supported by tax dollars. However,, they are likely 
to support certain other scientific and technological research — for example, 
efforts to find and use renewable sources of energy in view of the disap- 
pearance of fossil fuel resources. 



Middle Position (3) , This position might appear to be a fence- 
sitting position, and to jsome degree it could be correctly characterized 
as such. People who choose this position seek to evoid either extreme, 
but* they also hold some of the same views as people in positions B2 and 

C2. Thus, people in this position are eclectics; they base their opinions 
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on\the merits of specific issues and on the desire to avoid dangerous polar 
izations,: One might see this position as a middle-of-the-road position 
which does not embody /rigid ideological perspectives, 

Moderate Change (2C), People in this position believe in the over- 
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all desirability of change,* but they are reluctant to give a blank check 
to all scientific and technological proposals* Thus, they might support 
genetic engineering if it were regulated by policies providing safeguards 
against hazards to public health and potential birth defects, but they 
probably would resolutely oppose cloning and gene-recombining experiments* 
They would also tend to be guarded about further development of nuclear 
power • 

Maximum Change (ID) , People in this position are opposed to all 
restrictions on scientific and technological progress, They believe 
that the history of mankind proves that most of the world's population 
benefits from scientific advances. To inhibit these advances would be 
to restrict the possibility that all of the world's peoples could achieve 
or surpass the standards of living achieved by the Western nations. 
Even to suggest that scientific and technological progress should be 
controlled is perceived by many people in the Third World as a form of 
racism, or at least as discrimination against those who got a later start 
in the race than the older industrial societies. People who choose this 
value position sometimes feel uneasiness about eugenic proposals which 
might lead to the creation of subhuman, nonhuman, or partially human forms, 
believing that such developments might engender a new form of slavery. 
On the whole, however, they are convinced that it would do more harm than 
good to try to stop scientific experimentation and technological develop- 
ment. Moreover, they believe it is not possible to control all scientists 
and engineers. These people would advocate turning our efforts toward 
avoiding the untoward and unwelcome applications of scientific knowledge 
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rather than toward restraining scientific and technological advances. 

Teachers might use this value paradigm to encourage students to 
begin to tentatively align themselves with one position or another. 
Students should ntft be compelled to accept all five positions as tenable; 
rather, they should be encouraged to discuss and debate them— and, in so 
doing, to add further dimensions to these value positions, which are only 
sketchily developed here. Efforts should be made to prevent students from 
developing, hard-and-fast commitments to the value positions they initially 
select. This paradigm may, of course, be used in studying any of, the 
issues discussed in Part II to identify an optimal social policy for science. 
Remember that at some points along the way students should have an oppor- 
tunity to review and revise their initially chosen value positions. The 
flexibility of the paradigm should be utilized to the fullest. Both stu- 
dents and- teachers should begin to recognize the consistencies, inconsis- 
tencies, and contradictions in their own value positions. It is important 
to discourage students from developing vkue positions which are rigid 
or totalistic. 

Another approach to value clarification is the method known as futures 
invention. Thinking in the optative mood, or prac :al Utopian thinking, 
was discussed earlier as part of the process of effective policymaking. 
Futures/invention is designed to involve citizens, young and old, in 
thinking about the future they wish to bring into being (Ziegler 197,7; 
Ziegler, Healy, and Ellsworth 1975). In futures invention people are 
asked to envision various aspects of a future society .which they would 
find desirable. For example, they might envision how they would wish to 
see the resources of scientists and engineers employed in the year 2000. 
This sort of envisioning is first done individually. Then, as participants 
compare their various visions of the future,, they begin to become aware 
of their own underlying preferences and value orientations. 

The method of futures invention, as developed by Ziegler and Healy, 
was designed fb*r use in developing "civic literacy" among adult citizens; 
thus the original version may need to be adapted somewhat for students. 
However, many of its components can be used appropriately in the classroom. 



Students may be asked to think through the risks and benefits implicit 
in their visions of the future: What would be lost and what would be 
gained if their visions were to become* real? What would they personally 
gain and lose? What would other people gain and lose?,. 

Students could also be asked to write scenarios describing what might * 
happen between now and the year 2000 to bring their visions into being. 
This activity could take the form of writing a "history" of the future 
from the standpoint of a historian in the year 2000. 

Finally, they might be asked to think about what action steps, if 
any, they are prepared to take now to help transform their desired futures 
into reality. This step, of course, moves teaching and learning into 
the service of the sixth objective stated above—development of commit- 
ments to citizen part^ciaption. t 

The method of futures invention seems to the authors to be a viable 
strategy for encouraging students to become aware of and to assume 
responsibility for their own value orientations. Th±s method is very much 
in keeping with the pluralism of contemporary society so long as the 
right of students to opt for differing viewpoints and preferences is 
respected. However, this method is more appropriate in teaching about 
some kinds of issues than others. 

Object iyes 5 and 6: Real and Simulated Practice 

Achievement of the fifth objective— learning the skills required 
for citizen participation— depends on opportunities to practice these ■ 
skills. The learning of a skill is facilitated if action is followed by 
analysis and evaluation, and analysis and evaluation are more fruitful 
in producing learning if they are informed by data fed back to the per- 
former (s) by other participants and observers. 

Skill practice can occur in real or simulated situations. Although 
students may occasionally have a chance to participate in real situations 
in "which policymaking is actually under way, such opportunities are likely 
to be relatively few. Teachers can greatly extend the range and scope 
of skills practice by using simulations and role playing. 

Before commenting further^ on the use of real and simulated practice 
in citizenship skills, it wight be useful to provide a brief survey of 



the formats in which citizens can and do Participate in influencing deci- 
sions on science- impacted social issues. Xh e most famil* 3 * form of citizen 
participation is probably the act ° f v °tin g; another common form i 8 Wor king 
on the campaign preceding an electi° n - Du *i n g the campaign, candi<j ates 
may be questioned about their stand s \?n va r t ous , controversial iss Ues and 
urged to give attention to neglect^ but important areas- More dramati- 
cally, though not necessarily more ef£ect i^eiy, demonstrations are some- 
times arranged in connection with t he Cam Pai gn appearances of candidates 
tQ d*aw attention to an issue with w ^ich th e demonstrators are con eerne< j t 
Often such demonstrations are direC ted as m Uch to t h e eye of the TV camera 
(and thus to the eyes of the vievi^S public) as to the candidates. 

Public poliQ^ is also affected by inf Iu en ces brought to bear Qn 
elected officials between campaign^- These formats of influence ar e> 
of course, extremely various. Memt> er S of Congress may be lobbied by 
special- interest groups. Messages be directed t o 0 fficials and/ 0 r 
to the public through letters to th e editor, TV a nd radio Public-af f a ^ X3 
statements, and paid political advertising, citizens may testify at public 
hearings conducted by legislative c^^lttees or by administrative or exec- 
utive agencies. Officials may be lobbied by individual citizens o r by 
delegations of citizens. Letters tr^y be e3cp anded into petitions wi th many 
signatures and directed to of f icial 5 ^" le 8 i si at i ve or administrative. 

It will be recalled that public policy ig usua n y embodied in legis- 
lation, in guidelines laid down by ^ dmini3 *r a tors charged w ith resp onS i- 
bility for executing and enforcing th e law, and ±n _j udic i£l decisio ns 
about the interpretation of the l e gi slati °n. Citizen influence may be 
brought to bear through any of theS^ channel s of policymaking and policy 
interpretation. ^ 

When our distinction between "social Po^cy" a nd "public policy i 8 
recalled, other avenues of citizen action be Come evident. Action by con- 
cerned citizens may be aimed at citizens ot he r than public official^ Q r 
candidates for public office. Such a ct£on be addressed. to the g ene ral 
public— to the raising of the level of Publi c consciousness with r eSp ect 
to one issue or another. The possi^ le f on &at s f Q r such efforts rang e 
from small discussion groups to larg e P u blic meetings. R^ d io or tel eV i- 
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sion programs may be directed toward proposing alternative actions 
or propagandizing for certain desired solutions ; .The former approach 
often leads to more continuing involvement on the part of the audience ^ 
than' does the latter. 

So far, this discussion of the available formats for citizen 

participation has depicted "government," in one or another of its various ' 

V 

manifestations, as the ultimately effective agent in controlling and 
directing the uses of scientific and technological expertise. However, 
as we stated earlier , industrial corporations are also major employers 
of scientific and technological talent and subs:£dizers of programs of 
research and development. Can citizens influence the research-and- 
development policies of industrial corporations, apart from legislative 
or government regulation? 

Citizens' influence on the policies of private corporations may be 
brought to bear through their roles of stockholders or consumers; Stock- 
holders' meetings often produce nothing more than pro forma ratification 
of the policies recommended by company management. .However, if enough 
stockholder opinion can be mobilized and organized, changes in company 
policy may be placed upon the agenda of such a meeting. 

A hypothetical example may help to make this point clear; Suppose 
a large oil company is spending almost all of its research-and-development 
budget on the location of new sources of petroleum, the extraction of 
petroleum from oil shale deposits, and the liquefaction of coal. No 
significant research-and-development program focused on solar energy is 
under way. Stockholders who are committed to the wider development and 
use of renewable energy sources might question the present* R&D policy and 
press for greater company investment in methods of generating and using 
solar energy. 

Consumer influence on the R&D policies of, an industrial corporation 
that depends on high-volume sales may be exerted by a boycott of that 
corporation's products until some more-optimal R&D policy ("optimal" 
from the consumers' viewpoint ) comes into being. 

The very briefness of this survey of the possible formats for citizen 
participation in influencing social and public policy illustrates how 
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seldom these formats are utilized today by most citizens, One desirable 
outcome of the widespread study of science and social poliW might be a 
wider awareness and use of these available avenues for citlfcen participa- 
tion and a corresponding reduction of feelings of powerlessftaas on the 
part of citizens.' Pr acti ce by students in using at least some of these 
formats might not only raise the level of their skills in citizen parti- 
cipation (Objective 5) but a^Lso lead to stronger commitments to become V * 
active in citizen participation (Objective 6). 

We mentioned earlier that students can practice the skills of citizen 
participation in either real or simulated situations. Although the oppor- 
tunity to practice "in real situations is likely to be limited for practical 
reasons, there is no reason why students should not, if they choose to do 
so, translate the results of their hypothetical participation into recom- 
mendations to relevant policymakers and* policy administrators and to the 
public. These recommendations might be articulated in letters to news- 
papers and responsible public officials, in speeches at community meetings, 
or in testimony at public hearings. 

The range of possible simulated experiences in teaching and learning 
about citizen participation is much wider. Students and teachers can plan, 
carry out, and evaluate simulations of congressional hearings, stockholders 1 
meetings, lobbying efforts, court trials, interviews with expels, and 
demonstrations. An individual student might playseveral different role6 — 
for example, jury member, expert , member <pf Congress, an^f protester — in 
a series of such simulations. It should be recalled that learning the 
skills of citizen participation does not occur through one activity alone, 
no matter how exciting and involving that activity may be. Learning will 
be optimized only it each activity, simulated or real, is followed by 
feedback from fellow. students and the teacher about the effects 'and effec- 
tiveness of whatever behavior was practiced. The goal of skill develop- 
ment is to bring about greater congruence between the intentions and the ^ 
effects of action. Such congruence can be attained only through combin- 
ing intentional activity with responsible reflection on its consequences. 

Another use of role playing deservps' special mention. This use is 
designed to convey some understanding of how persons on the "other side 11 
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view a controversial matter. It is'not difficult to construct such role- 
playing situations, One way of doing so is to compile written statements 
representing various arguments on a given issue and ask each student to 
us^ them to debate j whatever side is opposed to the one he or she tends to ; 
personally advocate* - ^> ' 

The use of this method may lead to Some ticklish situations, For' 
example, if the issue is abortion, a student who is convinced that tampering 

with a fetus is sinful may be both unable and unwilling to argue for any 

« 

other position. Or, if the issue under consideration involves a current 
political controversy, discussion may become so heated that public passions 
,may need to cpol before students can confront the i#sue in a dispassionate 
way. However, the practice of reversing roles in role playing is important 
in achieving not only specific learning goals, but also a broader objective: 
that of creating citizens who are able to look dispassionately at issues 
iri which they have an interest and to consider these Issues with an under- 
standing of and a respect for opposing views. " f 1 ^ 

In all activity-based learning, evaluation of how well the activity 

served its intended purpose is an inherent and important part of the 

learning process. Self-evaluation plays its part, as students assess the 

ways try which their present levels of knowledge and skill are effective 

and identify areas in which they need to become more effective. Feedback 

in the form of observations by other students and the teacher help to 

• ■ 

objectify each student s personal interpretations of successes and failures. 
This kind of evaluation is important in achieving the learning outcomes 
outlined in this section. * 

Some educators believe that methods of grading which involve ranking 
students by criteria which, are unrelated to the purposeful activities in " f * 
which they are engaged may thwart the kind of evaluation described above. 
These educators fear that students may become more concerned about guess- 
ing which thoughts, feelings, aspirations, and values the teacher considers 
worthy of an "A" or "B" than about expressing their own thoughts, feelings, 
aspirations, ,and values. Assuming responsibility for their choices and 
behavior is essential if students are to grow into responsible citizens. 
Perhaps unfortunately, however, teachers Are often required to grade 



50 O' 



students In ways which rank them in terms of achievement. 

While we can offer no formula for resolving the value conflicts related 
to the processes of grading students, we do know that it is important for 
teachers to recognize these conflicts and to deal with them responsibly. 
Whatever grading policies are adopted, the authors believe that teachers 
cannot evade responsibility for set'ting learning standards in the classroom. 
They must defend the right of students. to choose their own viewpoints with 
respect to controverted innues, but they must also insist that students^ 
accept responsibility for making clear their reasoning processes and for 
.supplying evidence in support of their chosen viewpoints. Finally, teachers 
must demand that students try to understand the reasoning and evidence 
behind opposing viewpoints. The authors believe that nearly all students 
will accept such, standards as just, though they might need some help in 
setting and maintaining theml^ 
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II. SPECIFIC CURRICULUM AND TEACHING- SUGGESTIONS 
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UNIT 1: INTRODUCTION TO LEARNING ABOUT SCIENCE AND SOCIAL POLICY 



t: 
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This second major part of this monograph contains suggestions for 
developing teaching/learning units around the social effects of break- 
throughs in three ar#as of modern science and technology: nucleat 
energy, electronic technology, and genetic engineering. How the power 
inherent in technological developments in these fields is used and directed 
will have much to do with future patterns of living in out nation and in 
our world as well. 

However, students will better appreciate the importance of developing 
wise social policies for controlling the uses of these specific technol- 
ogies if they h*ve first grappled with a set of more general questions. 
These questions are designed to help students perceive science and tech- 
nology as dynamic elements in contemporary social change. As we emphasized 
in Part I, scientific and technological developments not only have revolu- 
tionized the conditions of contemporary living, they have precipitated 
many Complex arid controversial issues of social policy'. Citizens must 
depend on scientific and technological expertise in resolving these issues, 
even as they make decisions about how this expertise can best be utilized, 
controlled, and limited. Before they can begin to consider policy issues 
asspciated with specific scientific and technological breakthroughs, 
students need to acquire a general understanding and appreciation of the 
relationships .between science, technology, and society. 

Some background for developing an understanding of the role of science 
and technology in contemporary society was presented in Section 2 of this 
monograph. How can teachers begin to involve students in^the study of 
these issues? 

^I^^tion 3, some general methods for teaching about issues of 
science and social policy were suggested in connection with six suggested 
learning objectives. Three of the four units in Part II describe learn- 
ing activities which we consider especially appropriate for specific issue 
areas. However, 'these suggested activities do not begin to exhaust the 
educational approaches which may be possible and useful in the study of 
science and social policy. We hope that teachers will adapt the activities 
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In this monograph to fit their particular situations and go on to invent 
new and better activities. We also hope that, as students become involved 
in policy thinking about science and technology, they will be invited to 
participate in choosing and designing learning activities that fit their 
own concerns and interests. 

The balance of this introductory unit in Part II is devoted to a 
description of teaching strategies designed to help students develop an 
an understanding of some general issues related to science and social policy 
Because we expect that many teachers will not be using all of these units, 
there is some repetition in the strategies suggested. However, we believe 
that most of the' strategies we have included are well suited to teaching 
about any or all of these issues. 
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Suggested Learning Activities 

It Making an Inventory of Change , Most Americans understand in a 
general way that many changes in our lives have come abd\it as <a result of 
the replacement of ol# technologies and the addition of radically new 
technologies. Arid they ^understand, perhaps more vaguely, that most major 
changes in technology are due to revolutionary additions to scientific 
knowledge. But it is probably true that relatiy^ty few Americans have 
systematically assessed the pervasive influence of scientific and techno- 
logical developments in altering the conditions and patterns of human 
living, %or have they considered what is good and bad about these changes^ 
, or thought seriously about how the "goods" can be optimized and the "bads"- 
minimized in the' future. 

v 

A good way to begin involving students in such assessments is to 

t 

engage them in making an inventory of recent changes in patterns of human 
living. Although some of these changes have occurred within their own 
life spans, many high school students tend to take them for granted. To 
get some perspective on these changes, students may enlist the help of 
two. kinds of informants: (1) older people who have experienced several 
decades of adaptation to social changes and (2) persons whose vocational 
roles are heavily impacted by technology anct science. 

Older citizens may be invited to the classroom to be interviewed, or 
students may, after preparation, interview such people in their homes and 
bring their interview data back to the classroom for compilation and - * 
analysis. The interview subjects might be asked to respond to five 
questions: (1) What are the most dramatic changes which have occurred 
in patterns of human living in your lifetime?, (2) How, if at all, have 
these changes been influenced by the invention of new machines, appliances, 
ways of communication and transportation, drugs, materials, etc-.?, (3) 
oWhat do you consider bad and good about the changes .that have taken place?, 
(4) .How much control have you had over these changes in the patterns of 
your life?, and (5) If if were possible, would' you prefer going back to , \ 
conditions of life that were less dominated by technology? Or do you 
prefer living in today's world? 
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As students compile the data from these interviews and reflect on 
their meaningi th^rwill begin to develop mental pictures of the human 
effects of technological innovations. They will JLearn which of these 



efaWts are judged to be bad and which are perceived as good by people , 
who have experienced them, and they will get some\idea of how much control 
citizens feel they have over changes in the patterns ■ 8f" chfeir lives. In 
Order to achieve a better awareness of the scientific developments that 
lie behind the technological innovations identified as , influential by 
their informants, students might invite a, science teacher into the < 
classroom. * 

The second set of informants might include a doctor, a farmer, a 
factory^exectitiVe, a labor-union leader, and a building contractor; th 



exact composition of the list would depend on the community in which tlie 
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school is located. Like the older citizens, these informants might be\ 
invited to the classroom or interviewed at their places of work. Each of 
these Informants might be asked to respond to the following questions: 
(1) What specific changes have technological innovations made iu your 
. votk' ij* recent, years?, (2) Which of these changes do you believe to be 
good and which do you perceive as bad?, (3) How much control diq ypu have 
over the introduction of these changes?*, and (4) As you look ahead V which 
scientific and technological changes now on the horizon do you look for- 
ward to? ^ Which ones disturb you, and why? As students compile and analyze 
the data from these interviews they will enhance their awareness of the- 
effects, good and bad, of technological innovations from the viewpoint of 
producers of goods and services. 

Such efforts by students will not ordinarily meet the requirements 
of social research with respect to sample size and construction, and 
8tu^cits should be cautioned against overgenerallzlng on t±e basis of 
their findings. Nevertheless, this kiricl of activity^ can be very useful 
in helping students understand the human effects of technology. 

2, Looking at ,the Future Thrqujgfr Science Fiction. Students may be 
. helped to take a "futuristic 11 look at science and society by reading a 
work of science fiction which pictures both changes in technology and 
changes in social ^patterns and organization. (See "Recommended Readings" 



for this unit.) A science-fiction film might be used to kick qff a dis- 
cussion of the'f ictiona^future* presented, in the film. In whpt ways is ' 
this future desirable ojc undesirable? How plausible is it? - 

Each student might ^be asked to write an essay about what citizens of 
the society described in tlie's^ence fiction might have done 50 years 
earlier to optimize the "goods" and minimize the "bads" depicted in the. 
story; As students share their essays^ they may begin with the help of 
the teacher to identify .several possible scenarios for citizen particir 
pation in the control of science and technology. 

3. Simulating a Trial of "Science" and "Technology. 1 1 To dramatize 
the positive and negative effects of scientific and technological "progress 
students might simulate a jury trial. < In this trial, "Science" and "Tech- 
hology" are the defendants, arid the prosecutor represents the plaintiffs, 
the citizens of the United States,^ It the trial is to be a fruitful" 
learning experience, several days should be allocated , for casting and r 
preparation, conducting , the trial, and analyzing^and evaluating the learn- 
ing experience afterward. 

The simulation will require students to b ( e cast in a number of roles: 
the prosecuting attorney, two or more plaintiffs, the attorney for the 

sr 

defense of "Scienge," one or more "scientists," the. attorney for the 
defense of "Technology," one or more "engineers," the judges, and the jury. 
(The purpose of trying "Science" and "Technology" separately is to clarify 
the distinctions between basic and applied science and engineering.) 
Although the parts may be assigned on a volunteer basis, thej teacher should 
explain tfcatr-students who volunteer to play the roles of the plaintiff s 
and their attorney should have some serious doubts about the human effects 
of modern science and, technology. Similarly, the students who act the 
parts of the defendants and their attorney should believe that, on the 
whole, science and technology have had beneficial effects on society. 
The "judge" and "jury" should have genuinely open minds about the social 
costs and benefits of modern science and technology. If the value contin- 
uum with respect to science, technology, and spclal change presented in b' 
Section 3 has been used with the class prior to the mock trial, the value 
positions of many students will have already been identified. 



Student* -may prepare for the trial in subgroups. The plaintiffs 
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and their attorney will work up a case for the condemnation of "Science" 
and "Technology," formulating questions to be put to "the defendants as ■ 
they take (the Witness stand.* -TJifc ^Science" defendants and their attorney 
Will work Vip their defense, trying, toi anticipate 'the questions- that will , 
be asked by the prosecuting attorney. The "Technology" defendants and . 
their attorney will plan their defense The jury and judge may try to 
list the good and bad effects of science and technology on people's lives, 
being careful not to make up their minds before the trial. T|ie teacher 
should, work with the 'judge beforehand on rules of .procedure*fbr the trial. 

•', During the simulated trial, the plaintiffs and defendants will be 
questioned by attorneys f < ant} the attorneys wil£ . then make their pfeas to 
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the jury. The * judge will sum up the pros and cons of the case against 
Spience and the case against' Technology. After deliberation, the jui^y 
will render its verdict and the judge will pronounce sentence. (The 
authors predict that in most simulations, the jury will fail to reach a^ 
verdict — a result that probably reflects the actual case with U.S. citi- 
zens today.)/ ./>'/'■ 

In the^Sfcalysis and evaluation of the simulated trial i all particle 
pants should bf encouraged to talk freely about what they learned through 
the experience. 

4/ Assigning Priorities to R&earch and Development . One of the 

issues presented by Brooks, as quoted in Section^ of this monograph, 

0/ 

has to do with the priorities which should guide the allocation of govern- 
mental subsidies to scientific and technological research and development. 
After describing the heavy , concentration of government expenditures in 
efforts related to weapons research and development, Brooks pointed to 
other areas where research and development efforts are badly needed — 
"for the alleviation of poverty on a global basis, for better management 
and protection of the world's resources with minimum detriment to economic 
development, for the achievement of greater social justice, for the more 
reasonable allocation of the biosphere toward sustaining a decent human 
life for all people" (Brooks 1978) . 

Brooks's list of areas now neglected in government-subsidized programs 
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of research and development , 'pferhaps modified W fit the vocabulary of 
high school students, might be posted in the cla^room along with a list 

of the kinds of research w&w heavily subsidized — for example, aerospace, 

. . * "■'.'«' ■' j 

health, military, and energy. Students discuss and debate which areas-vof 
research and development should receive the largest subsidies and which; 
should- receive little or no support. Each student stfbuld be encouraged * 
to develop, an individual ranking ana to give reasons T for htsr or her prior- 
ities* Students might also be asked to discuss how government priorities ■ 
in employing scientific and engineering talent might be changed. 

An alternative way of engaging students in serious deliberation 
about government priorities in subsidizing research and development 
would be to ask them < tq; debate the ^dMowiJig questions.: ?r 5hould the fed- 
eral government have spent billions of dollars in putjtin^ men on the moon? 
If not, what" dther programs of research and development should- have been 
supported instead?" Students should be reminded that space research not 
only put men on the moon, it also yielded new knowledge about various 
kinds of non-space-related science and technology. The debate fbrmat 
described in Section 3 may be employed, with one -group jfff ^students listen- 



ing to the opposing arguments in an attempt to find wa^fe of ^integrating 

f "i * . .. 

and optimizing the pro arid con positions. 

Students should be encouraged, on a voluntary basis, to translate the 

x ' 

results of their study of science and technology into social action. As 

*> «'*• 
we have already pointed. out, such acfciotj may take many, forms— letters to 

• < ' ' a> r f 

newspapers and to members of the Congress, speeches at school assembly 

programs, participation in public meetings or demonstrations. No student 

should ever be pressured to act against his or her own value orientation 

except in the make-believe of rold^playing, arid whoever value positions 

and actions .emerge from these activities shQuld be^aqc'epted and respected. 
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Recommended. Ridings 



The following readings are recommended for teachers and students in 
addition to Section 2 of this monograph, parts of which may b^wpilcated 
for classroom use, (For information about locating or ordering publica- 
tions with ED numbers, dee page 129.) , 

Relationships ^Between Science . .Technology . and Society t 
Bemal, J.D. Science in History, 4 vols, Cambridge, Mass, : Massachusetts 
Institute of Technology Press, 1965. 

. k Bernal's work is different from most histories of science in that 
it emphasizes both the influence of social and political develop- 
ments oh science and technology and the influence of scientific 
and technological developments on the processes of social and 
political history. This scholarly work is written from a Marxist 
orientation. Volume 3, which deals with modern developments in 
v^cience and technology, is especially recommended. 

Znaniecki, Fldrian. The Social RQle of the Man of Knowledge. New York: 
Columbia University Press, 1940v 

Znaniecki offers' a readable account of tht^ different uses which 
various societies and their rulers have/made of the expertise of 
men and women with special knowledge. (His book puts into histor- 
ical perspective the dependence of contemporary citizens and 
policymakers on the expertise of scientists and technologists. 

Current Itoues in Science Policy and Relations Between Scien tists .and 
the Public 



"Science and the Public: The Changing Relationship Daedalus 103, 
no. 3 (Summer 1974). 

This issue of the jpurnal of the American Academy of Arts and 
Sciences provides an assessment of the attitudes of the Amer- 
ican public toward science and technology. In particular, "counter- 
culture" atidy ,f established culture" positions toward, science and 
technology, £s these developed through the 1960s, are explored, 

"Limits of Scientific Inquiry." Daedalus 107, no, 2 (Spring 1978). 

This issue is devoted to a. study of arguments about the adequacy of 
self-regulation by scientists and to an exploration of the possi- 
bilities for citizen participation in determining the directions 
of scientific research. Some authors ^distinguish sharply between 
social control of technology and social control of science. 



Ethical Issues in the Utilization of Scientific Knowledge 



Zaltman, Gerald, ed. Processes and Phenomena of Social Change. New 

York: tx J6hn Wiley 4 Sons, 1973. 

■ Especially recommended in this book. is the chapter "Ethical 
Issues in Sociil Intervention" by Warwick and Kelman. These 
authors abtempt to clarify the ethical issues involved in 
applying scientific knowledge a^d technological know-how in 
such areas as the control of population* growth. 

* Newsletter on Science, Technology and Human Values. 

-This periodical, published four times a year, is recommended to 
teachers as a continuing source of materials on tjie value and \, 
policy questions raised by current developments in science and 
technOtfikg^. Useful listings of new publications' ajre also ■; 
included* To order one or more cbpies, Write to Aikman Com- 
putation Laboratory 232, Harvard University, Cambridge, 
Mass. 02138. 

* ♦ ■ 

y Futuristics in Teaching and Learning About Science and Social Policy / 

^uturistics : Secondary Education 11M Social Studies. Honolulu: Office: . 

of Instructional Services, Hawaii Department of Education, 19^1.; ED 054 001. 

This publication offers a series of simply written edsayjj|. oq[ * 
ways ^in which the future of mankind may be affected by. deyelpp- \ r? y 
ments in science and technology. The authors outline the choices 
now confronting men and women as they face the prospect of \ 
living' in a radically changing social and physical environment. 
Suggestions for classroom use of the readings are included. 

Bpllister 0 , Bernard C. , and Deane C. Thompson. Grokking the. Future: Science 

Fiction in the Classroom. Dayton, 0hi6: Pf laum/Standard, 1973; ED 084 554. 

This sprightly book was written with two objectives in mind:, 
to demonstrate how science fiction /can be used to gend?at\e ne*4^ 
insights into current social issued and to help students become 
more creative in their thinking about the future. Amon£ the 
books discussed which seem especially useful for this unit are 
two classical novels, Edward Bellamy's Looking Backward (Hendricks 
House, 1946) arid Samuel Butler's Erewhon (Penguin, 1974), and 
two contemporary novels, Isaac Asimov's The Caves of Steel 
(Fawcett, 1976) and Frederik Pohl's The Best of CM. Kornhluth 
(Ballantine, 1977). 

. ■ . / 
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UNIT 2: THE PAST, PRESENT, AND FUTURE .OF NUCLEAR EIjERGY 

Scientific Background 1 \t Z'-j\<£~ 

The scientific observations which led eventually to the release of 
•the vast energies bo&fld up within the atoms of material substance^ occurred 
within the lifetimes of men and women alive today, In 1895 Wiltielm Roent- 
gen, a German physicist;, produced and identified the X ray, a penetrating 
form of radiation with a wave length much shorter than that of light rays. 
In the following y^ar Henri Becquerel, a French physicist, wondered whether 
there were not X rays as well as light rays Iql the radiation given off 
by fluorescent substances— substances which emit radiation after exposure 
to sunlight. To his' surprise, he found' that ; a uran^Pl- compound gave off * 
radiation ctohstantly even when it had not been exposed to the light of 
the sun. r % 

Marie Curie, a Polish- French scientist, discovered that most compounds 
of uranium and those of another" heavy metal, thorium, giv^ off radiation 
ceaselessly; §£e called this phenomenon radioactivity! • For o\xr purpose, 
.the most significant characteristic of natural radioactivity is that it 
involve** the disintegration, of atpms-^ifilfi&entary particles which once were 
thought tdsbe indivisible and lacking In internal structure. This pro- 
cess/ of disintegration, it was found, involves three types of radiation: 
alpha particles, which are high-speed ionized hpllum atoms} beta particles, 
which are hlgh-spjeed electrons; and gamma rays, a form of electromagnetic 
Radiation similar to X rays. 1 

In addition to the disintegration of atoms, natural radioactivity ~ . 
involves the transmutation of one chemiGal element into smother element, . 
a change which is accompanied by the release of radiant eneVgy. Such 
transmutation of elements had been one of the dreams of the early alche- 
mists, iSho f had tried to transmute base metals, such as lead, into expen- 
sive and' highly valued elements. The methods oi tfhe alchemists were t' 
magicalf,' verbal, and unsuccessful — very different from the methods of 
today's scientist^, who depend on experimental manipulation and detailed 
and refined observations and measurements. It was the scientists who 
mapped the radioactive series for the transmutation of such unstable 
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elements as uranium and thoriui through various intermediate products to* 
a stable element, lead. Scientists have also measured the half -life of 
•aiA radioactive element-- the time required for half of its atoms to dis- 
integrate. These half-lives vary item 4.5 billion years Jto a fraction of 
a second. Knowledge about the half-lives of radioactive elements has made 
it possible to est ima te more closely the ages of Earth and various kinds 
of geological phenomena. The fact that some radioadtive elements have 
verj lojjg half-lfves has cheated some vexing practical problems related 
to the disposal of various kinds of radioactive wastes.. ^ 

As American and European physicists bombarded various substances with 
the ^ emanations from natural radioactivity and observed the disintegration 
products released bj£ the bombardments, they discovered that atoms embody 
two > distinguishable comppnents. One part is Very difficult for neutrons 
to penetrate. This part is very small compared to the total volume of 
^the atom; it is positively charged; and it accounts for nearly all of the 
mass of the%tom. This part is called the nucleus of the atom. The outer 
part of the atom, which is much larger but which has a much lower mass, 
is filled with orbiting electrons, the arrangement of which can be mapped. 

In 1919 Ernest Rutherford, a physicist who worked in England and 
Canada, produced the first artificial* nuclear disintegration by bombarding 
nitrogen withValpha particles to produce oxygen and protons (the nuclei 
of hydrogen). Similar experiments produced a new racfoat ion first thought } 
to be a gamma ray but later (in 1932) identified by 9tr James Chadwick as 
a neutron— an uncharged particle with the mass of a proton,. 
X' -y. The discovery that radioactivity could be artificially induced paved 
£h£ yfay $or a new science — nuclear physics — within the older disciplines 

fyy$i&& &XL<$ physical chemistry. This new science was international in 
scope, asv^tf^^^ 8 of_a fey of its ^pioneers attest, and it developed through 
the free exchange of findings, ideas, and theories across national boun- 
daries. Befbre the rise of Nazism in Germany and the outbreak of World 
War II, the notions that mass could be converted into energy-.-and that 
vast amounts of potential energy pere bound up in the nuclei of^atoms were 
generally accepted by scientists. f 

One of the authors of this monograph recalls that, when lie taught 



high school chemistry in the* early 1930s, he apd his students calculated 
how many ximes th* .potential nuclear energy in a glass 6f water, if it 
could be released in a usable way, could drive the *?ueen Mary back end 
forth across the Atlantic between Southhampton and, New York. The formula 
for this calculation came from Albert Einstein's famous theory pf relativ- 
ity.* This theory was based on a formula representing the relationship 
between mass and energy: E - MC 2 , In this formula; "E"' represents energy - 
(in ergs)/ "M" represents mass (in grams), and "C" stands for the speed,. V ' 
of light (in centimeters per second^. When the energy that could be 
released by one gram o£ uranium (if It were to break <pwn completed in ' 
;; its radioactive decay to lead) is compared to the .energy released by . 
burning one gram of gasoline, the energy yielded, by^;^ to 
be 420,000 times as great. ' 

Although nuclear physicists knew as early as 1939 that nuclear fis- 
sion could produce^energy in vast quantities, they knew of no practical! 
way of tapping this sQurce of energy. In fact , Ruth'erford, one of the 
great pioneers of nuclear scienc^, once stated that the practical exploita- 
tion and use of nuclear energy was an idle dream. Rutherford. -died in 1937. 

During World War II practical political, needs , especially military * 
needs, contributed greatly to the acceleration of developments in nii clear 
science and engineering in the United States. " ' v " - - 

Leo Szilard was a nuclear physicist, born in Hungary,, who had come 
to America as a refugee from Nazism. Along with two .other Hungarian-bobi, , ' 
physicists, Edward Teller and Eugene Wigher, Szilard attempted to persuade 
President Franklin D. Roosevelt and his acjvisers lb invest in fe^tffevelop- - 
ment of a bomb based on nuclear fission—the splitting of an atoinic nucleus. 

These nuclear scientists were motivated to promote American- develop- 
ment of a fission bomb by the not-unjustified fear that German Scientists 
were working on developing a nuclear device for use by the Nazis. Knowing 
the destructive capability of such a devipe^, they were afraid that such 
an achievement might convert Adolf Hitler 'tf dream of world domination into, 
a horrifying reality. , 

Albert Einstein, though he was reluctant to do. >so because of his 
pacifism, lent, his great prestige to the project by writing a letter of 
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recommendation to the president . : The efforts of Szilard and his colleagues 
were successful: President Roosevelt signed the executive order launching 
the Manhattan Project on December 6, 1941; the day before the Japanese 
attack on Pearl Harbor. 

The full story of the monumental efforts by nuclear scientists, 
engineers, and technicians to overcome the practical difficulties which 
Rutherford had thought to be insuperable cannot be told in a few pages. 
However, a few highlights of this effort are worth noting, since they havfe 
somefbeariiig on stil^unsolved social issues surrounding nuclear energy. 

By the summer of 1941 it was known that the nuclei of one isotope of 
uranium, U235, were more fissionable than those of the more abundant iso- 
tope U238. (Isotopes are variant forms of an element with the same atomic 
number, representing the positive charge in the nucleus, but with different 
atomic weights. For example, the uranium isotope U235 has an atomic weight 
of- 235; U23&;has an atomic weight of 238. ' Both have an atomic number of 
92.) It was also known that bombardment of U238 with neutrons produced 
a new element with an atomic number , of 94 and a mass, of 239. This new 
element, plutonium, jehaved much lik^ U235 in its Mb s ion properties. 

Since both U235 and plutonium 1 were considered capable of producing 
f ission jjgmbs , the Manhattan Project had two major goals in addition to 
the manufacture of the bomb itself: separating out the more-fissionable 
U235»and concentrating it in an enriched-uranium ff&l. 

The fission process is essentially a chain reaction: the neutrons 
released by the splitting of a few uranium atoms go on to split still 
more uranium atoms in a continuous and self-sustaining spiral of nuclear 
disintegration and energy release. Because of the presence of U238, plu- 
tonium is created as a by-product. In order to prevent an explosion, this . 
chain reaction had to be controlled. 
>4 , • The , firsrt self-sustaining chain reaction was achieved under the foot- ^ 
.' ^^ of Chicago in early December of 1942 in a 

weighing 1,400 tons, of whiffr 52 tons were uranium. 
f^T-h^ of layers of uranium ,^icanium oxide, and graphite. 

■'The r&aii^pw^s controlled by inserting rods of, cadmium through, holes in 
ttf^^iift^b f * the reactor. (Cadmium is a metal that has the capacity to fl 
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absorb -large numbers of neutrons.) This first nuclear reactor was con- 
structed under the ^supervision of Enrico Fermi, a nuclear scientist^ in 
exile from fascist Italy. 

Meanwhile,' the practical difficulties involved in encasing and 
delivering the nuclear bomb were being overcome , By 1945, sufficient 
uranium isotopes and plutonium had been produced to construct three 
fusion bombs, On July 16 of that year, a plutonium bomb, was exploded 
In a. New Mexico test. On August 6, a uranium bomb was detonated by the 
U.S. Air Force over the Japanese cf|y of Hiroshima, and on August 9 a . 
second plutonium bomb was detonated over Nagasaki. * 

With these events, the inhabitants of Earth moved into a' new periojjk' 
of history. The awesome effects of th&se bombs— and of the 'fl^ch"~more— p$wer 
ful bombs which have since been developed — have graphically demonstrated 
that man now possesses the scientific knowledge and technological know- 
how to destroy all forms of life as we know it. The destructive potential 
of such bombs is not due entirely nor even primarily to the shock and 
fire storm produced by the initial explosion; more insidious are the 
effects of the lingering radiation produced. The long-range effects of 
heightened levels of radiation are thought to cause not only cancer but, , 
also genetic mutations which could conceivably make monsters of the off^ 
spring of humans and other species. John Hersey's book Hiroshima (1946) 
provides eloquent documentation of the human effects of the nuclear 
explosion over that ill-fated city. 

An even greater release of nuclear energy can be produced by the 
fusion of lighter atoms ihto heavier atoms (for example, hydrogen into 
helium),' This fusion process is the source ^ the sun's energy. Jn 
spite of the opposition of many scientists the U % S S Atomic Energy *" 
Commission authorised work on such a thermonuclear device, and in 1952 
the first H-bomb was exploded near the Marshall Inlands. This bomb had 
the force of 50 million tons of TNT, whereas the' force of the fission 
bomb that was exploded over Hiroshima was equivalent, to that of 20^000 
tons of TNT, At present, nuclear fusion has only military significance. 

Efforts to harness its energy for peacetime u$£s have so 'far been 

ftk'\ . * ■ 

unsuccessful, . 1 . - 
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A Risk/Benefit Analysis of Nuclear Energy 

The. risks and benefits of nuclear energy can be dealt with most 
. intelligently if the discussion is divided between military uses and 
.peacetime uses, difficult as it may be to make and maintain this distinc- 
tion, * f 

Military Usds 

The military advantages which possesion of nuclear bombs gavp to the 
United States vis-a-vis other nations was short-lived. Within the^ decade 
/following Hiroshima, the -Soviet Union had built and tested both fission 
.bombs and fusion H-bombs. Fission bombs are npw in the arsenals of Great 
/;|Wttain, France,. India, and the People's Republie of China, The basic 
»nce on which nuclear^ weaponry is based is known to scientists in all 
>ns. Only technolo^al and;'iij^nclal difficulties stand 1u the way 
iny nation — or • i$$~t efc'l^f s t group— *that wishes ^tk manufacture a 
nu^lea^; bomb^ > ' , • 

^^f*\iBe S 6i^%i^ f ''j^pon3 is inhibited when military leaders recognize 
tfcaf the f^fejttr active effects will not be limited to the people and 
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prbp^rty of r "t^jjj ;^«ny fl but are aljnost certain to biackfire, visiting 
destruction /upbit /one' s own people and property as well. Such is the case 
with nuclear bombs. No nation can "win" a nuclear war. All nations 
would los« in such a conflict. At stake in any large-scale nuclear war 
is the very survival of people on Earth. Both the United States and the 
Soviet Union now have more than. enough nuclear devices stockpiled to 
annihilate each other many times over, and it is doubtful that the peopLes 
ot neutral nations could survive the radiation effects of a nuclear war. 
Ea^h major power tJi has lavished billions of dollars (or rubles) on the 
development of systems for delivering nuclear warheads to the population 
and industrial centers of tt ther. No fail-safe detection and defense 
systems against nuclear attack have been developed, and perhaps such 
systems will never be feasible. So our primary "protect ion 11 depends on 
.an ominous balance of terror, * 

Some policymakers ^n America argue todiy/that nuclear weapons research 
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and development should continue, so that the balance of terror is not 
tipped to the other side's advantage, And no doubt some policymakers in 
the U.S.S.R. make the same argument. f 

Other po^cymakers believe that there is no Safety, or security for 
mankind in the present balance of terror. They fear that the- very 
existence of a nuclear arsenal puts mankind in jeopardy because of the 
always-present danger that an accidental or impulsive action by a single 
individual could unleash a nuclear war. They believe that the safety 
and security of mankind can only be achieved through the total dis- 
mantling of nuclear weaponry by all nations and an international pact tc* 
forswear the development and use of such weaponry in the futjure. s j^^jsj 

Still other policymakers advocate compromise solutions: intc 
agreements to, ban further proliferation of nuclear weaponry, treal 

lifting t hie number and destru^ 3 capabilities of the nuclear weapons 

'. ' * ■ ' 

possessed by any one nation, agreements that would limit the range of 
delivery systems. 

It is generally agreed that effective control of nuclear .weaponry - 
awaits the development of more open, trustful, and cooperative^ -relations 
between nations'. Some people believe th&t working to improve international 
relations is the most realistic approach to abolishing the threat of 
nuclear extinction. • .>,' 

It is probabl^f air to say that it is impossible to do a "risk/beftefit 

analysis of nuclear^weaponry . Its negative effects are so iniihical to ;'■ 

f . 
human good that the only effective control of its production and use is 

prohibition. Hpwever, since nuclear military capabilities are now possessed 
by several rilations., any effective system of prohibition must b£ interna- 
tional in character. ** Rational men and women all over the world may wish 
that the genie of ijuclear weaponry had never ^jj^tn let out of its bottle. . 
But this is an idle wish: the genie is among us . The different strategies 

^sketc \ed above represent varying views of how modernvman c&n h$st cope 

^ > 

with an ominous- reality* * 
Peacetime Uses 

When the issue is the development of nonmilitary applications of, 
nuclear energy risfc/benef it analysis becomes possible, Perhaps the 
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best known— and most controversial—of these applications is the nuclear 
reactor which produces electrical power for commercial use. However, 
there are other uses and benefits of nuclear energy that are not so widely 
known 

The use of knowledge about ^the half-lives of radioactive isotopes in 
dating past events has already b\aen mentioned. Tracer elements, like 
radioactive carbon, when compounded into organic molecules, enable scien- 
tists to better understand such physiologic processes as the assimilation 
and metabolism of fats. Nuclear power has been used to drive ships and 
submarines. Radioactive cobalt has been used in the treatment of cancer. 
The irradiation of foods can contribute to their preservation* 

The growing reliance on nuclear reactors as an important component 
of our national energy system is due in part to the failure of our supplies 
of petroleum and natural ,gas to meet ever-rising demands for energy. The ; - 
fact that we are rapidly using up our limited deposits of fossil fuel 
compounds the need to develop alternative sources of energy. Electripity 
produced by nuclear power plants now flows into homes and industries*-/ ; , 
throughout our country. This is an undoubted benefit. However, prq^jc^l^- 
to build more nuclear reactors to meet a greater percentage of our et jp^*v 
needs hfrve stimulated public concern about their actual and alleged daflj^fc 
to the safety and health of both people who work with the raactors and \ , % 
people who live in the vicinity. One such danger would be that a malfunc- 
tion in the reactor or in its cooling system might release radioactive 
materials to the environment. Another risk often cited by those opposed 
to nuclear* power is that such materials as plutonium and enriphed uranium 
might fall into the hands of criminals and political terrorists^ who could 
conceivably use them to manufacture weapons. 

One source of opposition to the expanded use of nuclear energy comes 
from persons who are committed to achieving a more "natural/ 1 less "arti- 
factual' 1 way of, life. These people urge that we channel our -research 
efforts into the development of naturally renewable sources of energy — 
water and wind power, geothermal power,, and solar power, (Such sources 
of energy are "renewable" in the sense t£at they draw upon continuing 
natural phenomena — falling water, blowing wind, steam from beneath the 
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earth* s crust, and the radiation of the sun.) 

Those who support the construction and use of new nuclear generators 
point to the encouraging safety records of nuclear reactors already con- 
structed and in operation. They are convinced of the adequacy of the 
standards of safety and security established by the Nuclear Regulatory 
Commission and of the provisions for maintaining and enforcing these 
standards Nuclear proponents argue that society needs to find and use 
sources ctf energy to replace our dwindling supplies of petroleum, natural 
gas, and fossil fuels, and they doubt that solar power and wind power 
will ever be realistic alternatives. 

The adequacy of . existing standards for permissible radiation levels, 
from a public health point of view, "is still in dispute. Scientists, 
laymen, and various government agencies are in disagreement on this issue, 
Other unresolved questions are related to the disposal, transportation, 
storage, and decontamination of the radioactive wastes produced by the 
operation of nuclear reactors. Since such materials will remain danger- 
ous to living organisms for many thoti^nds' 'of years, selecting the best 
plan from" among the various strategies that have been proposed is a 
critically important policy decision.,. 

The future of nuclear energy in the United States is dependent in 
large part on decisions about how our energy research-and-development 
dollars should be allocated. Every citizen has a legitimate stake in 
these decisions. 



Suggested Learning Activities 

A .- ... * ,' ;.. ' . . • 

Military Uses 1 
fjjjjfc^ijXbB authors .^tieve that citizens need to be reminded of the human 
effects of nuclear explosions, even though we hAye a natural te»«JejRcy 
to avoid thinking of these effects because of iftiefr gruesomeness, If 
citizens are not reminded of the awful consequences f the use of nuclear 
weapons, they may cease to work toward ensuring that such weapons will 
never aga£n be used against human beings, as they were In Japan. 

1, Role-Playing a Survivor. To better appreciate the personal 
impact of a nuclear explosion, students might be asked, after reading 
Hersey f 8 Hiroshima or other accounts of the bombing of that city in 1945, 
to imagine that they are survivors of a nuclear attack. In that role, 
they might be asked to \lnrite letters to officials of the country that 
had' launched the attack,\iescribing their thoughts and feelings'. These 
letters might then be shared and discussed with other members of the 
class, 

2. Debating the Past. On a (nore-cognitive level, students might 
organize a debate, using the modified paradigm -of debate described in 
Section 3, on the following question: "Should the United States have 
dropped nuclear bombs on Hiroshima and Nagasaki in 1945?" 

3, Debating the Future. To turn their thinking toward future arms 
policy, students might debate the following question, again using the 
policy-oriented fojpn^t for debate: "Should the United States take the 
lead in forswearing use of nuclear weaponry and in dismantling her nuclear 
arsenal?" After the debate, students might be encouraged to write a 

.letter to the president stating their opinions, (This should be a volun- 
tary activity, ) 

' Peacetime Uses 

4. Reporting 'Personal Concerns. To personalize the health and 
safety issues involved in the building and use of nuclear reactors, after 
hearing and discussing some of the pros and cons students, either indi- 
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vlduAlly or in small groups, might be asked to write 'reports representing 
their responses to one or both of the following questions: 
( a. If you were offered a good jotf in an electric generating 

plant using nuclear reactors, what would you think about in 
deciding whether to accept it? How would you probably decide now? 
Why? 

b. If you were asked to join a peaceful demonstration against 
the building of a nuclear-generating plant in your locality, what 
would you think about in deciding whether to participate? How . 
would you probably decide now? Why? 

If available, "experts" with definite pro and con views about the 
expanded use of nuclear energy might be invited to the classroom to 
comment on the student reports as these are discussed by the class. Or 
students might interview such experts prior to completing their reports. 

-L — Applying a Value Continuum. The value contimuum presented in 
Section 3 may be applied specifically to the issue of nuclear energy. 
An extreme negative position might be to ban all research and development 
in the nuclear field. A less-extreme negative position might be toSan 
all ^ esearch and development work oi\ nuclear weaponry and nuclear power 
generation but to permit strictly controlled research on radioactive 
isotopes and other nuclear aids to medical diagnosis and treatment. A 
moderate position might be to ban or limit research on nuclear weaponry 
but support research and development on peacetime uses of nuclear energy 
under adequate safety controls. An extreme positive position might be 
to support unfettered research and development on nuclear science and 
technology, provided that reasonable safety precautions are observed. 
This continuum can be used to help students locate their initial value 
orientations with respect to the further development of nuclear science * 
and technology. 

Sizing up the "Experts" . Ernest Rutherford, one of the pioneer's 

in nuclear science, predicted less than 50 years ago that the energy bound 
up in atoms would never be released for practical use. Of course, this 
prediction was disconfirmed by the Manhattan Project and its aftermath. 
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After Hiroshima the mass media were flooded with predictions, both opti- 
mistic and pessimistic, about the future of nuclear energy. Students 
might be asked to study newspaper files and popular magazines published 
between 1946 and 1950 to collect "expert" predictions about the uses of 
nuclear energy ancf to report to the class on which ones have been con- 
firmed or discottfitmed by subsequent events, (The aim of this activity 
is, of course, to encourage a healthy skepticism about the pronouncements 
of experts.) 

7. Creating Scenarios of the Future . Discussions about whether or 
not to expand the peacetime uses of nuclear energy often become intertwined 
with another far-reaching policy issue: growth versus no-growth. This 
issue is also related to the value orientations toward human dependence on 
science ana^echnology described in Section 3. 

Those who wish to reducpAou* dependence on science and technology 
often oppose the expanded use of nuclear technology as well. Accepting 
a no-growth orientation toward economic production, they are willing to 
accept a less-affluent standard of living which would mean. not only less 
money 'with whifch to buy artifacts and gadgets but also less involvement 
in the competitive struggle for income and affluence, 

Tho^e who perceive improved and expanded uses of science and technology 
as leading to a way out of poverty and drudgery for poor people, both in 
technologically underdeveloped countries and in our nation, often favor 
a pro-growth orientation. Thus, many black leaders and labor leaders in 
.^iXT^aation and many political leaders in underdeveloped countries favor 
ythe expanded use of nuclear energy. These people tend to see those who 
j advocate a no-growth orientation and who put "environmental quality" 
above "expanded production" as trying to maintain the present ineqt&table 



distribution of wealth and power. Jr 

Students might be asked to imagine two scenarios for the future: one 
scenario would involve dramatically expanded uses of nuclear energy; the - 
other would prohibit the use of nuclear fuel. In each case, students*, 
should consider who would lose and who would gain — jobs, income, health, 
safety, a livable environment, a satisfying way of life. As these sce- 
narios are developed and discussed, students might be asked to think about 
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how, if at£ all, their \a%titudes toward peacetime uses of nuclear energy, 
have been changed, 

8. Debating Our Energy Priorities, Many ^controversies related to 

** • 

nuclear energy involve different views about how •government dollars for 
energy research and development should be allocated. Often, such argu- 
ments are focused on the relative emphasis that should be placed on 
renewable and nonrenewable sources of energy. Clearly, nuclear energy 
is a nonrenewable source because supplies of uranium are limited* (The 
case might be different if fusion reactors are ever developed, since 
!f heavy water" is relatively abundant;,) On the other hand, energy gener- 
ated from wood and cellulose (as in alcohol fuels), from wind and tides 
and falling water, and from trapped sunlight is renewable. 

Students might be asked to organize a policy-oriented debate around 
pros and cons of future dependence on nuclear energy as opposed to renew- 
able energy sources. This debate should include attention current 
priorities in our national energy research-and-development policies. 
Students need access to conflicting "expert" opinions about the feasi- 
bility of depending primarily on renewable sources of energy. These con- 
flicting opinions might be made available through readings, through 
assigning students to interview advocates of various posit iqjis, or through 
inviting experts into the classroom. 

At the conclusion of this study, some students might want to write* 
to their congressmen or senators about desirable directions for a national 
energy policy. 
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Recommended Readings 



In addition to the first two sections of this unit, which may be dup- 
licated for elassroom use, the^ following readings are recommended. (For 
"information about locating or ordering documents with ED numbers, see 
page 129.) „ , 

Scientific Background 

Armstrong, David. ^Thermal Pollution: Background Material for a Mock 
Trial." Environmental Law Reporter , February , 1977 , pp. 27-30. 

The author of this article has . adapted an actual New Jersey 
court case for instructional use* (The plaintiff is the* State 
Department of Environmental Protection; the defendant is the 
Jersey Central Power and Light Company. The heated water from 
a nuclear power plant has killed about a half-million menhaden, 
<- : \ a commercially important fish. ) Briefings .fo* the students who 
vt±ll play the* roles of plaintiff and defendant are included* 

Asimov, Isaac. Understanding Physics;. Vol. 3, The Eleptron, the Proton 

and the Neutron. New York: New American Library, 1966* 

This is a readable account, written for intelligent laymen, of 
investigations" into atomic structure and their principal find- 
ings. Teachers and advanced students will be able to re^d this 
material easily, and average students should be able to handle 
the section dealing with the release of nuclear energy. 

'Controversies Related to the Development of Nuclear Power 

t 

Commoner, Barry. The Closing Circle: Nature, Man and Technology. New 
York: Knopf, 1971. : r ' ' 

Commoner offers an excellent discussion of the impact of modern 
technology on the environment of human beings and other living 
things. While the whole range of technology is dealt with, the 
author gives special attention to the effects of nuclear energy ' 
on the environment. This book can be read with understanding 
by nearly all high school students. 

The Environmental and Ecological Forum, 1970-71. Washington, D.C.: U.S. 

Atomic Energy Commission, n.d. ED 070 649. 

This publication contains 12 papers on the environmental effects 
of the nuclear generation of electricity. The focus of most 
papers is on the radiation effects. Order from the National 
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Technical Information Service, U.S\ Department of Cqrinjerce, 



Springfield, Va. 

McDermo 1 1 ^ John , ed > 
ation: A Mihl-jpursk ff 
Pa. : Pennsylvania Department 




$3.00). 

caX Power Gen$r^/* c 
Education* Harrisburg,- 
099 200. 



These rifet'erials, prepared by in -interdisciplinary gpoupuof educa- 
tors, physicist^ and environmental scientistb>^_arfalyze t\e risks 
and benefits of several forms of energy production in a' foi 
that can be used for both science and social studies instruction. 
A glossary of te^ma. 1 is. included . 

■ ' > v *■ 

Tanner, .Thomas . M Tea<m£rig About the Nuclear Pover Controversy by Simula- 

y r _'> 

tion." Social Education, November/December 1976, pp. 588-89. ■ 

This article describes a simulation by high school students of 
a Congressional hearing on .the budget fojr'tfee federal Energy 
Research and Development Administration (trow* the U.S. Department 
of Energy)', .during which decisions are £eing toade aboiit* alloca- ' 
tion of funds to the development of nucleai: ati^ 3 other forms of 
* energy. The article contains good references to arguments 
supporting and opposing nuclear energy alternatives — solar, 
geothermal, and wind. 

The Hum a n Effects of Nuclear Warfare 

%r — - - — * . 

John Hersey s Hiroshima (New York: Knopf,' 1946) has already been 
recommended for "humanizing" the tragic experience at Hiroshima' 
Other useful materials which can be used to stimulate^staAant v apj 
of the effects of mfclear warfare are R.J. Lif ton' s * Death in^M 

and Schuster, Touchstone Books, 1976), Michihiko Hachiya's HirOsMifia Diafry-. 

* J ^ 

(University of North Carolina Press, 1955), and Jonathan Harris ^^Hiroshlma 

i ' * I 

A Study in Science, Politics and the Ethic s\ of War (Addisoh-Wesley , 19^0) . 




UNIT 3: ELECTRDSK TECHNOLOGY AND THE ri INFORMATION REVOLUTION" 

Scientific Background * / V , * . 

Some commentators on modern life believe that t^e most basic changes * 

resulting Sroid recent scientific and^echnC^'ogical advances are due, not 

to the release of nuclear energy or feo bre^^hroughs in engineering, but 

rather to developments iti electronic technology. We now find ourselves 

immersed in an ongoing "information .revolution," and we are only beginning f 

to learn how to swim. 

f. • r 
* tt is impossible to deny that. ways of collecting, storing, retrieving, 

processing, and transmitting infprmation have undergone drastic changes ■ 
during the past generation or' so. Microphones and tape recorders, radio 
and television, photoelectric cells and electronically programmed micro- 
wave oven^, communication satellites and computers — the mention of any of 
these reminds us of the revolutionary changes which electronic technology 
has brought to our private and public lives. And such developments con- 
tinue. "New" artifacts become obsolete in a feV short years — FM radio.^ 
supersedes AM radio, color supersedes black-and-white* television, vtape 
cartridges supersede phonograph records, faster and smaller computers 
with more-capacious memor^^ supersede models whichwere billed as 
"advanced" only a few yea^rs ago.' 

Whatever developments on the "software" side have contributed to the 
"information revolution" (to borrow from computer jargon), advances on 

f • ■ <r 

the 1 hardware" side are rooted in discoveries In th% science and tech- 
nology of electronics. The study of electronics is, of course, a part i 
of 'the larger field of electrical studies. In the unit on nuclear energy 
we explained that the atoms of all elementary ^ubstances, in addition to 
their relatively massive positive nuclei, contain outer shells of orbit- 
ing electrons— tiny, negatively charged particles. Electrical phenomena 
involve the movement of electrons from one substance and place. to another 
substance and place. 

Early studies 'of electricity were concerned with ways of generating 
a flow of electrons, whether through chemical action (as in batteries) 
or through the mechanical movement of conductors of electricity through 
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a magnetic field—powered by falling water, movingl/ii?*, burning fuels, -or, 
more recently, nuclear reactors. It was recognized Nearly that metallic 
substances — for "example, copper and tungsten — were excellent conductors of 
electricity. Scientists explain this fact to^ay by noting that in the 
atoms. of metallic elements the outer shell o£ electrons is relatively 
incomplete, containing only a few electrons. These outer electrons are ^ 
free to move from atom to atom in an electric field just as water suns^ 
downhill in a gravitation field. In the atbms and molecules of nonmetal- 
lic substances — for example, sulphur, mica, glassy or rubber — the outer 
shells of electrons are more nearly complete,, The electrons are not free- 
tQ move from atom to atom or from molecule to molecule. Such substances 
are*knovn as insulators or nonconductors. 

Electric energy can be transmitted from places where it is generated 
to places where it is put to work through N an arrangement consisting of conduc 
'tors (usually in the form of metallic wires^or cables) and insulators (to 
prevent or reduce the dissipation and loss of energy to the ground or the 
surrounding atmosphere). One great advantage of electric energy is its 
ability* to be transmitted^and readily converted into other, forms of energy™ 
into mechanical energy, through motors; into light fewergy, through lamps;- 
and into heat energy, through stoves and ovens. For many years the focus 
of development in electrical technology was on finding more-efficient 
methods of generating, controlling, transmitting , and bsing the flow of 
elefflftrtgns through conducting metals. 

^jgtL electronic, the primary focus is still on the movement and flow 
of electrons and on putting "the controlled flow to work in various ways. 
But 1 it is the flow of electrons through vacuums, gases, and semiconductors 
which has-been the subject of electronic investigations. 

A convenient place begin a brief history of electronic science and 
technology is with a discovery by Thomas A. Edison, one of America's most 
ingenious inventors, in 1883. Edison fcfund that when one filament in a 
vacuum tube was heated, a flow, of electric current was induced in another 
unconnected filament in the same vacuum tube. The explanation for this 
phenomenon is that as electrons flow from the heated filament through the 
vacuum, sbme are captured by the cool filament and flow through the latter/" 
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It aphonic that Edison — who was essentially a technologist, not a 
scientist — did not see the practical possibilities in his only contri- 
bution tp the basic science of electronics. < i%^'" - 

. . % < 

In 1904 slr John Fleming, an' English physicist, perfected the^diode 
.vacuum tube with its two elements— the filament (heated element) and the 
receiving plate. When, in 1907, Lee DeForest inserted a grid circuit 
between th^f^ament and plate of a diode tube, the heart of a syttem for 
Iradib (virtfjess) transmission of electronic signals was complete. 
^Werest^vt^p called a triode, since it. contains three elements. 
The third^jelement is a device for translating sounds into distinctive 
pattern^in the form of pulsating electronic currents. When this pat- 
ternecftflow is introduced into the grid of^a vacuum tube, it may be 
reproduced in amplified form in the plate current. The pattern 'of pul 
can be transmitted ih the form of radio waves from a transmitter 'and 
.reconverted into sound waves in a receiver, agrfln witth the aid of vacuum 

. y\ ■** 

tubes. 

For several years, DeForest f s triode vacuum tub| fcas at the center 
of developing electronic technology. Of course, the triode was improved 
and refined: additional grid circuits were introduced into the vacuum 
tube; the' size of the tube was reduced, and its efficiency was increased. 
The versatility of^the vacuum tube, as it/was used in the circuitry of 
radio transmitters and receivers and in early computers* was due to its 

to rectify (change alternating current into direct current), 
^mpl if y, modulate, switch, and control electronic signals, 
v '-^ The invention of thfe iconoscope by Vladimir Zworykin, a, Russian-born 
engineer working in Ataerica, paved the*' way for the development of tele- 
vision. The iconoscope included a/device^.for scanning lighted objects 
arid converting' the scanned images into electronic currents. .This pattern 
of signals could be transmitted in the form of radiation (us iijg a band *- 
of the spectrum of flerzian waves which was different in wave lengtk and 
frequency from, that used in radio- transmissions) to receivers, which " 
reconverted the Radiation .first into' electrical pulses and. then into 
images pro^cted on a. specially treated screen. In early television, 
vacuum tube$^ interconnected in comple^ \i"uits, were essential elements 
in bdth transmitters and receivers *-\ 



" World, War II gave strong impetus to developments In electronic tech- 
, nology in a number of ways. Radar sets which emitte4 radiation and received 
a&^nterpreted "echoes" from solid objects in the vicinity of the trans- 
mittiar «*0re developed to detect and anticipate enemy air and surface attacks.' 
XBwH^ls now^an important ■ aid in the navigation of planes and surface 
;£h±ps^and to traffic ^policemen in measuring the speed of moving OTtomobiles. ) 
Methods of wireless transmission of messages were~ improved, leading to 
such device^ as the teleprinter and long-distance facsimile reproducers 
of pictures, maps, and diagrams. Computers were developed to control the 
aiding and firing of guns, automatically calc&iatiitg . the effects of such 
v factors as the speed and. direction of wind and moving targets more accur- 
ately and quickly that], hjuman,. gunners could do. 

*■ The year T.948. witnessed a momentous breakthrough in electronic tech- 
nology when the transistor was invented in Bell Laboratories r^^his inven- 
tion turned the attention of electronic technologists from mrf&aging and 
controlling the f^Low of electrons through vacuums and gases, as in ; elec- 
tidn tubes, to electron flow in semiconductors of electricity. 

Behind the development of the transistor were years of research by 
^hy§icis#S, metallurgists, and crystallographers into the Various struc- 
ture^ characterizing matter in its x solid state and into the properties 
displayed by these. structures. ' It was scientific knowledge of the' proper- 
ties of impure crystals of elements li#e silicon which led to t^e inven- 
tij>n of the transistor./ ^ A ^ 

ik simple example will make this point cleay: ^Bach atom of silicon" 
jhas four electrons in its outer shell. When -afoms of silicon unite to 
form silicon crystals, the atoms arrange themselves, so that each atoj&r 
shates eight electrons in its outer shell. Since eighty electrons consti- 
tute a stable shell, a pure crylta3^?^ilicon is/a ^^ftcoriductor of elec- 
tricity. However,* if an atom of arsinicT is substituted for an atom of 
silicon in'a cryatal, its electronfL^roperties iare changed, because" each 
atom of .arsetiip has five -electrons in ibs . $uter shell. < Suc^i an impure 
crystal, which has an extra m^ctron that us free to mov^and to be moved 
about, is^called a negative, or N, c^yst^^^^afeoron e^om is substituted 
for a silicon'atbm in a crystal/ ^^osit^LveM^ crystal is formed, since ) 
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the boron atom has only three electrons j.n its outer Ishell; th(£&fces£nce 



bStron atom in a sllico^^MkWt.al t ±n e»ff ect ,^rodutes an alSRronie 
"hole.". If *a P crystal and an N crystal are united, a P-N junction is . % 
formed. When such a junction is placed in an electrical^circuit , it acts 
as a rectifier: electrons can flow only from N to P and not the other 
way around. When two P-N junctions are placed b*ck to back, a transistor 
is formed, A transistpr has all the capabilitie^'o^ a diode vacuum tube. 
Crystals may be made to function as triodes and as resistors and capacitors 
. (electron-storing devices^ as well. "In this way, tiny 'crystals- — which 
don't&have %o t\eat up in order to* functiiqn, vacuup tubes must—can 
replJtee bulky- attj£l|fw-- reacting vacuum tubes in various ^electronic devices, 
frbm^rfl&io. and'^^^^^ion transmitters .and receivers to computers * - 
* jjjfi^ : The fiend l1r^ i,, ^lectronic technology since 1948, when semiconductors 
and ifolid-state circuitry began to replace vacuum tubes, and soldered^wire 
circuital ^ J?(jl>|fab een toward miniaturization. Smaller aniiT smaller devices ' * 



have replapecBplarger and bulkier^devices. This trend has also affected 
prices. A calculator which cost $390.00, in 1971 retailed for $10,95 in 
1978, and the .cheaper jwjjiel is said, to be mta?e ? "sophisticated 11 than the 
earlifer v^er§ion (Time 1978) . Without miniaturi^£ion H t;ha wide array '' 
of^electronic cfevices now offered for sale as^ conaumer it&hs— ^pcket 
radios £nd calculators,, digital watched,, and miniteT^yision £etS~7Wouid 

not be available at all, let alotfe at j rejj^tvely low- prices. 
. • > -* * * ,» 

Miniaturization has been voided by lavishly finance^ research and 
* h - +~ -<s ■ v ' * * 

w develd^irient activities, particularly in the United- Stated, Japan, Great 
t* \ » * ' sP ^ ^ 

Britian, and West Germany, Some of tfcis Research has focused on ^he 

improvement^f electronic circuits .C^The^olc^ ^circuits , which were m^de 
i?by soldering metal wlfes to the external ^ll^ctions of vacuum tufees knd 



other electronic elements, were initiaJly,JSB©laced by circuits, printed 
. on cards. More recently, in so-called frrtegratecj/ systems, the circuits 
are imprinted directly, by etching qt fithography^ on the^ilicon chips 
which have replaced vacuum tubes in many electronic devic«s7~^sComnuters 
can be prdgrammed to/ manufacture these ^iny, intri^atcT circuits toi ^use 



in new c^feputers or/other ele^Jfcjic devices, 

The electronic/ computer^P^erhaps the^most awesome artifact of the 
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lormation revolution." .The computer might bethought o$,as a "mutation" 
*-'m Venturies-ldng evolution of machine&j&esi^ed to make arithmetic 



The line of ewfl^tiOn goed "through Leibniz in Germany and Pascal in 
(Napi^^s Jbejft known^s a mathematician, Leibniz as a mathematical 



^■HBStelatipns more ranidly and accurately than human hands and brains. 
Such machines date to the Chinese abacus. ^ In modern Europe,, a Scot, 

• Sir Joto Napier^ invented a mechanical calculating device in the 17th cen- 
tury. 
France. 

il^ iloao P her » atu * Pascail as a mathematician and tjfceologian.) Perhaps the 
.moat ingenious af tHe ^ was the Analytical Machine, 

which vis invented by : anNjnglishman, Charles Babbage, in 1835. This, machine 

^ incorporated, in embryonic | oriil > manyr of the features of contemporary elec- 
tronic computers—prp^ramming, branching, looping, arithmetic and memory 
storage units, and automat ic.printout of v results. Babbage'is work was Epst 
until 1 ' 1937.. i. . ' vfc.. ' • ' • ; v * 



"Just as the development, of ' calculat^J^nyolved collaborative, efforts-- 



^ between the disci4rlin<^ arid thqs^iof physical 




gy Y\as its /'software" 
ily ■ on jfc^pl 3ted . math-* 
s arid knowledge related- 



science aAd engineerii\g^,tomputer scieno 

*and "hardware 1 ! sides. The ,sof (spare si 

> » ■ k . "■■ * _ 

ematics *nd* logic; the iifrdware* side "^t^SS^S^U 

to m&hanics and ^mechanical Engineering and, mogre recently > electt^ftLcs 

and electronic engineering.^ Thus, interdisciplinary cbilaboration^as 

* *T »■ ^ A ' 

played i: large part im'the evolution of the mocLern computer. 

On tj^fhardware slot, Holler it&Y who worked Jjftth the U.,S. 'Census in 
the late 19t:h century, introduced electromechanical sensors, into a mechan- 
ical calculator which ufed information stored oiT^^ched cards. The Itffor- 
matipn, collected by the U.S. Census of 1890 w^C processed by such a^d^vice. 
In 1911 Hollerith, along with others, founded International eBusiness 
Machines (IBM), noiJ\ a giant multinational corporation which has become 
almost synonymous in the popular mind' with computer research, development,' 
and production. \^~$> 

After Aiken constructed and used the now-famous Mark I computer at 
Harvard University \rt the late 1930s, the evolution of the electronic 



■» ; 



computer proceeded with amazing rapidity 
the University of Pennsylvania, d.evelpped the f irst 



Eckeart antl Marchly / both of 
purpose, atl- 
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electronic digital computer, wAc, in 1946* Von Neuman, who had been 



tive work 



associated with the construction of EfllAC, published his del 
*on the mathematical logic of the digital computer in 1947 ^ 

Although it is impossible to deal with all the 4^bmplexities .of 'com-' 
puter software or hardware in this brief historical jipnat £on , few *v 
.underlying <#mcepts can l?e outlined in sinip^ified form! The b^M'o&^^K 
the modern computer is aKheory of algebraic logic. developed by 6oole, '1 
a Oarman/logician, i^ the late r9th^entury. ' Xri folia's algebya, logical J 
operations were reduced to a strifes Af "yes ; ob nft" decisions. (For 
example, i# the objtect a .man o^not^jj^jM^ he .American or, not- 

American? : If American, is he North'-J^ p- npt^orth 'Aieri^n? ) '*> . k 
Boole's algebra could be applied to <rert>l™o£ numeral symbols. 

Today's digital computers employ Boole* s log^. by, meatns of'a number 
system that uses only two digits:/ O'and-1,*- Th6se digits, which can be. 
used to represent an infinite variety of "yes or no" deci»ions, ; are matched 
in electronit circuits with devices which, can, in effect, say ! f electron 
flow or xio electron flon." We v have already noted that vacuum tubes, P-N 
junctions, and transistors in ele«J?ical eircuits-can perform tjiis fl yes 
or no" function. - The capacity to say "no,"' "and," and "or" can be built 
into electronic circuitry. Complex alad sophisticated' ^Systems of logical 
an4 mafhematidlal operations can be built d^f^he^feasicaily primitive concepts 
of "no," "and^ f land "or. " Anothe*jkind of Wtriiputer,^ the analog comput 
is often u*ed in conjunct ion\itrti a digit^i 4 , computer in some "kinds of 
computer simulations. * / ^ . ". , ' * 

\ i While early calculators! could citrate only with arithmetic symbols' 
(numbers) , modern computers can operate logically and mathematically 
format 



.upon ariy 7 inf 



:ion, so long as it is provided in. symbolized form. 
Information theory, a semimdthemat±a»l set of ii^as which have 
.^developed *Slorig with computer science, n^vee of atoms of information 
.at* hits. These b/ts can be combined in *««v *Ja^|$P f<5rm- complex bodies' 
^of informat^n. A coVp^termust be' supplied with 'b it^^ g^farmatibn. 
This iofoTmatioh is £00^ aV)input. ^ simple or'eJmpfim>f commands 
may beT given to the .computer (to perform various kinds of operations on 
V £$ 8 i ^ PUt and/ ° r " 01J 7^°^J tion ^^^f stored wifhic^Pfc circuits 
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in supplementary storage to which it has access. This set of commands is 
known afe a^program. Computer programmers use one of several artificial 
languages to translate commands from ordinary language into computer lan- 
guage. As the compufe^^complies with the commands in its program, it 
processes the informat involved ;lnto the desired results, known as out* 
put. A computer's output can be displayed in various forms — as a printout 
(on paper), in microform (transparent film), as pictures and text on a 
television screen, or 7 as spoken words. Output can be transmitted as 
radiant energy for thousands of miljls and displayed on a television screen 
In a monitoring 8 tation. Thus, during manned space flights, technicians 
at the mission-control center in Houston were able to receive continuous 
computer information about the spacecraft and about the physical condition 
of the astronaut s--their pulse rates, blood pressures, and body tempera- 
tures — -to supplement voifti communication. ■ •A*-£s 

' 'In ^pmput^^! as in other kinds of electrpt|^^|fevices , transistors 

have been suh|^tuted for vacuum tubes and int^|t-#t ; ed circuitry for 

spidered wires. v These developments havp produced computers of eve*- 

Jkcreasirtg size and ever-increasing speed and sophistication, Aiken* s Mark I 

computer at Harvard, built around vacuum tubes, filled" a good-sized room. 

The ENIAC computer contained some 18,000 vacuum tubes. Today, computers 

^ater memories and procetss^j, ^peed^now occupy only a few 

"Supplementary storage of fjSf ormation for computer scanning 
. \ . . - Af -WA A ' 

iing tak&s many forms — atoong them,, mult i track magnetic tapes, 

d±sY,g^ The contents of a wTSBIf .book can be stored on a reel £ 
tape. >i A compute*, piroperly programmed, . can^ f j^ad lv .*a ^ble_ book itr a £fw \^J| 
minut^sya^ select and print oup desired information and .passages. ^ 
^^anb^,fwM always ^been places for storing and*refttieving infor- 

mation, have already been revotb<ioniz£d and will be *furtlfer revolution- 
ized in. the future by computer technology. / 

Two developments in compute-/ technology deserve special inent&^a because 
of the^eignif icarit implications for both individual 'human brings and 
whole societies. Th4^££r3t of/these developments ha& to do Yi* h th^fcon- v 




version of computers into "lea^^^PS machines." Early comput^^were 

wWn 



capable of carrying out ' theirg operations only in compliance wrfh command 
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supplied to them by human operators. Computers have'^xow been developed * 
which can modify their programs in the light of their own "experience. 11 • * 
OneJ^ine of computer research has involved the programming of computers * 
to u play such games as checkers and chess. A computer programmed to win 
at chess, for example, can review its,, memory of moves it has made in 
certain situations on the chessboard in the past. It can stfrt out which 
movfe^F contributed to winning and which ones 4^d not, an<freprogram itself 
to eliminate losing moves and make winning moves in future games of chess. 

Tb£& monograph is concerned with citizen" participation in the making 
of policy decisions. Computers can .be .programmed to make decisions. 
Information relevant to sbm^^rfea of decision making tan be supplied to a 
computer ..^ The computer can then be instructed to explor^jthe conse^Ppces 
of various pojLicy alternatives and report its findings or even to actually 
select the optimal" alternative, measured 'against standards of j^pptimality 
supplied to it by human operators. 'For example, scenarioiT^Pbut different 
^ways of conducting and defending against nuclear warfare, comp fete* with 
statistic^ about millions of ^ivesr-lost and billions of dollars in property 
destroyed, have beenderived from compter,, simulations of policy alterna- 
tives. The learning^nd decision-making capabilities* of computers haye^' 

i • F ai sed serious questions about the wisdom of depending on computer "brains 11 
in the plannihg and conduct of various "human(^jenterprises. 
w The sec'ond develp^ment In electronic technology with significant impli 

r 3 cations for sodlety is * thej$|icreasing use of > computers to direct and super- 
vise sy&tBms for ^4fhe production aud distribution of economic goods and 



8,erviq^f In addition' t^ : merely providi^^Tfqf essed ' information to assist 
people in-Tnaking decisions and doing their work, compt/terfcT^re being piro^ 
grammed in some cases to perform % f unctions -that Voul/ ordinarily be handled 
by ^uman managers and supervisors. / * > ■ 

Understanding this^^of computers calls^for a brief ^detoj^r into the 



$feudy, of cybernetics — a science named and developed by Norbert Wiener, a 
mathematician wflHc*l*Tl^at the Massachusetts Institute of Technology. CybeA 
netics has^^o-do with the guidance* and control of various systems of oper- 
ation. .Fofc elfc^ple, if wife think of a person driving a, car as a sirigle- 
operational system, the driver may be thought of as the controlling 
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hanlsm *nd tjjie automobile as the servomechanism. The driver contin- 
ually received itiformat ion about operating conditiojas^curves^ traffic, 
ruts in the road, fog' and rain, highway signs, etc. The driver processes 
this information and adjusts the coudte M^lj^sp^ed, of ^he^a^tpmbbile 



accordingly by operating the 'steering wheel, brakes, ^nd,^^ccel^ratd^ , 



appropriately. If the human drive^ were to be. replaced by \a computer 
programmed for the purpose,, a self-guided, self-controlle^ conveyani 
system would result. The theories of cybernetics -form the basis fot 
the automation of such diverse system* as missiles, factories, robots, 
teaching machines, warehouses, and librari**^ 

General-purpose computers <^an be used to design specials-purpose 
computers which in tarn serve as brain mechanisms In the automated 
operation, supervision^' and Quality control qf productive arid distri- 

, ■ 4*>- 

butive d^terprises. Automation challenges some of- our mofj£ deeply 
ingrained JfJSvlctions about the rightful place of human la\jgp in society. 
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■ A Rlak/Benfef it Analysis of Electronic Technology 

the benefits derlveS from electronic science and 



rgnic science ana fff+ y 
of uto^lan thinkers about a % <J 



On th 

\1tfCbttt>logy 8^^r^erwhelming. The drean 

tr^lrfjcTSf human beings are freed froi^ arduous toil^seemto be 
Il$ when one considers the potential uses of electronic *technol?f$8 
ogy, ' Human b^ltigs now haipe (and soon will have more) mechanical^-alaves' 
to^do theiir.work, perhaps^^yen t>Jieir thinking, for them. Computers can 
*> . per forp complex mathematical operations hour which an army oV~^ 

human beings could not accomplish In a lifetime. Doctors can diagnose 
diseases more quickly and dependably with the a^^itance of 'computers. 
Optimal designs for buildings and other artifacts can be developed * 
quickly ^nc^ efficiently by architects and engineers using computers. 
Musicians can use computers to compose electronic music. With the aid 
of television and communication ' s^tell^t^s t we can watch events as they . 
Jtappen on the other side of tlj&j/pyldVr in places fax from Earth,- • The 
"information revolution 11 is, to^se MclJuhan's phrase, concerting the 
world itito a "global village.' 

But deeper analysis reveals ominous serpents lying in wait in this 
electronic Eden. Many people believe that grave risks are associated 

depersonalization 



v with f<&r particular effects 0$ electronic technology: 

of relationships, centrali^|£3^ invasion of personal 

^privacy, pid automation of J^H^SnW ions . 



At 

Deperson 




Human Relatlori'gblps 




uuntlr 



Compfcte^s pla^ important roles ^n WdpPfg~ f keeping track of, accounting 
for,' paying and otherwise rewarding, arm dismissing persons in large-scale* 
organizations ^ranging froiir f||||^ries to schools/and hospital^. The tendenfcji . 
to depersonalize human relationships betvga&uj&up^rvisors and ^workers, 
/ doctors anH patients, and^peachers and students was growing even before 
T^oim^uters were introduce^ into personnel wd£j^ and the use of compiitefs^. tf 
hasfai 



aggravated this t*r£nd. r The kind of depersonalized relationships^ xme 
tends to find in f large school, f orKexdmble, :,££ntrast sharply with;vthe - 



close and meaningful relationships between fle6ple*\in' a rural co: 



nsqip 

.sTi 



itamugjLty, 
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a family, or a commune, where "everyone knows everyone else" as a person. 

Jhe feelings expressed by protesting students in the 1960s that they 
were being reduced to IBM cards, that their personal feelings and prefer- 
ences were being ignored, that processes of learning and development 
were bp^Lng distorted to fit the convenience of computers — these were not 
"entirely romantic fantasies. Who has notfelt the frustration of receiv- 
ing an unresponsive computerized form letter in "reply" to a complaint 
abput defective merchandise -or a miscalculated bill? We need to deal 
with the person behind the 'electronic gadgetry in order to achieve 
satisfactory communication. « 

One widely advocated use of computers in education is as machines 
for teaching basic sWki^s and information. 4^ f individual student with 
access to \ % computer terminal can address his questions an£ problems to 
the computer. If the computer is well stocked, it can answer the student 
questions and solve his or her problems more quickly, and often more 
accurately, than a teacher or fellow student could do* Such a computer 
can algo correct errors in a student's calculations or thinking processes 
promptly and impersonally, *■ 

: The question is not whether programmed individual learning has a 
pltffce in future educational programs — ^jmpst certainly has a place. The 
issufe ffc whether the use of "teaching "machines" leAds to the neglect of 
a ^Lp^ning-which can^be achieved only by direct interaction and dialogue^ 

witti others. Among trie most important examples of this kind of learning 
■y-^*". *he ' skills! nepdea tql^ommunicate with persons who belong ^o other 
gr^tps^ or who are different in age, background, and value orientation. 
"Thevneed for rfuch communication skills h^s already been stressed in 
% t'hid mdnograph^as a prime need In a pluralistic and war-torn world. 
^\ The depersonalization of relationships .has consequences for bo 
* : **Steldu»ls and societies. Can individual human^organisms develop i*_ 
counded and morally responsible persons if 4:^y ayre cpntinually 5 depriv 
,of ^pejpabnal relationships with L other hun&ft beings? Can societiessg^ct 
1 ^8ep^id for' their survival on human relationships between their x/^merB 
} be sustainjW by t)|e kind of im^rsonaFpelationst^ps * re filtered 

depSfedjmce on { 



depSfedjmce on coruscation through th? us^ of electronic technology? 



Centralization of Policy Decision Making , 

* In a symposium on "Computers and the World of tjhte Future" held at 
the Massachusetts Institute of Technology, CP. Snow, an English novelist, 
who is also a physicist, expressed vividly his cbtVeexn about the possible 
effects of computer technology on the making of social jpolicy decisions 
(Greenberger 1962). Snw^dlfijm^ed the tendency Mk moddrn societies toward 




c^^^l^ing public Wei^ion making — a tendency^^ikJ^antedates computer 
-"jy but which will, he fears, be accel^MfSp by it : 




There it is. A kandful of people, hav^gh^x^lation to 
the will of society^ having no« communication w^th ,the 
1 rest of society, will.be making decisions in sei^jet^hich 
are going to affect our lives in the deepest sense. . I, . 
My worry is that the introduction of the computer is going 
to I6ad to* a smaller circig still. . . . Instead of having 
a small group of scientists knowledgeable enough to have 
something to add to decisions, I am asking whether, we are * 
now running into a position where only those who are con- v 
cerned with the computer, who are formulating its /decision 
rules, are going to be knowledgeable about the decision. 
If so, instead of having a small circle of scientists and 
a large circle of administrators, we -will, have a tiny *• --.v'f' _ ; V 
circle of computer boys, a larger circle of scientists who 
- ' are not versed in the* new computer art,, and then, ag;ain, 
the large circle of politicians and administrators. I 
suspect . . .^that the computer in certain hands could 
easily become a gadget. Gadgets are the' greatest single 
source of misjudgment that I have ever seen\ . . . People 
get fascinated by gadgets,^ They loye ]A4nuf\ They want 
everything to be explainejftin terms oJjBteir gadget. * 
'I suspect th^t computers jBl^vernmenSge" going to get 
into the hands of person £jBBn*jfcil d^l v dW^tive or cana- 
4 iized judgment and become^^g^ps. m . .<£ -\ 

Snow's concern embraces two interrelated issues. The first has $o ; 
do with limited access by citizens to information which is collected 
electronically and stored in computers, In part, this problem bis physi- 
cal. Its solution, short of banning computers, would involve increasing 
the number of computer terminals available to citizens through which 
policy-relevant v information can be retrieved.' j ^ xw ^ /er ^^^ e solution' also 
would also require educating^citizens . In methods of retrieving stored 
information and adding their Jxski input to tJ>€TOTircJb data. Information 
about the fe^ings attitudes , and values of large numbers of people 




cfencarxili^^tue's^f^ social policy needs to find its way into computers 
/used to assist in s%ial po&cymaking. . £j> - 

<hfce device used to deliberately narrow the circle of 'persons with * 
/access to computer storage i* the cj.assif icafion pf information as. "con- 

t.' 4 . Only spfecialjfc ^'(clejared 11 persons are*alloWed 
led information. , Such limits to acJlss^re usually 
by §^^aments on the basis of "national s^urity ff --to keep 1 
Important iiiformat ion out of the hands (or computers} of "efnemy" govern- 
ments, A corporation may justify limiting access to information by the 
' njfffed to maintain its competitive advantage over other firms. The merits 
of these justifications need to be judged on a case-by-case basis* How-: 
ever, there is no doubt that such practices tend to encourage and main- 
tain^a^imate of secrecy and exclusivity Ip. the making of ✓ policy -deci- 
Sions, and -to limit the scope of intelligent citizen participation which 
democratic polifiymaking requires. 
3 The fecond aspect of Snow's concern iS f ear~££ gMfce t fcy . This f£ar 

y. might J alsovBe expressed as a fear that humansi/^ay teflid^<S idplize and 
idealize' the new and powerful technologies which they have created: 




It is not surprising that with the human creatto^f| 
development of computer technology, men are wj.dj0|j 
pretlftg lean's mental functioning after 5 the mode^ 
functioning . * Nor is it surprising that human ef* 
being videly coached and organized-£o conform 
arf#t:o the itaage of -.the computet*^ Cyberrnetic mat 
just as mechanical man was and is'ap^ldol to wtChy}! 
The difficulty lies ^iot in the^ invent ion and us* bj 
mechanical or compu*ep /r mbdela 'ted technologies in faclTECat-- 
ing humeri projects. The ttif f iculty lies - in the tendency of 
man tl^creator to deity ni's own creations, to ascribe to 
them a* r^alifc^ prior to- the, reality of himself an ^,,, to put 
himself ab jeep ly into the Service of his own artifacts. Iri, 
this process he comes to f let* powerless before the powers ^ 
he has^eleased and loses t taith in the poyer that lies n 
within Jxlms ell to use his artifacts /in the serv^jftof 'Per- 
sonal/arid communal ends ox to" refuse to use 4 th«faxl all. 
(Benn4 if 75)^ ■ • C" \ ' V< 

Sh?Wi»l out of eiteotrc 



*rU2Ybest antidote to%ifkin^ 



*e^nolqg[y arid high priests .out"" of tfie^.4 experW is videsprtead public 



stjpdtiic Science and 



>^atiori— education -desisted t# demystify electronic expertise and^trr-^ 



crfeate a healthy skepticism about its authority in iecisip^xdaking. What 
is needed is widespread understanding of the virtues Md .llfflfe:ations< of 
electronic technology and technologists. ' ^ 



Invasion of Personal Privacy 

Our discussibn-Jias stressed the desifrability of widening citizen 
access to stored and processed information relevant to the making of p 
JLic pblicies. Ironically, however, electronic technology al,so creates 
problems ofst he opposite kind so far as the private lives of persons are 
concerned ^Electronic detecting •devices are now being marketed which are 
powerful and sensitive enough to enable their operators to secretly listen 
in on telephone conversations apd on discussions in homed and other places 
which the speakers regard as private, Inyafeion of privacy by .governments — 
and other agencies, both* legitimate and illegitimate, has been greatly 
facilitated" by improved electronic technology. In a society which values 
.individuality, the right to private expression and communication should 
be protected. The use of "bugging 1 ! or electronic surveillance, whether 
by government officials or by private agencies* needs to' be controlled in 
o^det: to protect this right, 4 whatever inconvenience such restrictions may « 
c^Cate for zealous detectives, spy chasers, and ti^clanaiierB.' 

Computer- storage of information may also thre^fcin individuals^ rights 

A 

to privacy. Information about a personls <tyebts and credit' rating, ; divorces 
and^rpmances, diseases and operations—all Iclrids ^^peraon^l data may be - * 
stored in counters, ^ There is' continual pressure from some sources to 
interconnect these various compter's. Anyone' with access to such a 1 com- ^ 
puter chain could readily print outj a dossier of ( infprmation about^aQ^t^er 
person — information which that person might prefer to keep private. V^4)\v* 
collection of personal information $*£&acilitat;ed if various kinds of. 
information are st\ured yith reference to a sin^fe identifying number, 
perhaps a person's social ^ecusity number. 

-While ready access to stored information about an individual may be '* 
convenient to a variety* of functionaries—among them law-enforcement 
officials, sp^es, agents' of credit bureaus -and insurance companies, ^ 
employers, and school admission offjLcer-s — the absence of contftls on such 



^i^^lL; • ro ^e8u the ability o£ ln4^yi dUala *<? decide what kinds of infor- 
•-iflltlon should be communicated and to:jrtX^^iJleTjieed social pbWfclea 
; cjajrify people** rights^ to individual ?&Jyacy in Vn ^ ^electr^nic agc^ariT^ " 
that support the protection of those* eights; 




' the Effects of Automation on Employment 
♦ One of the effects of introducingVf^tomation into' an organization 
ia the elimination of some jobs. ! Whll^U^t is true that automation creates 

jobs for computer programmers, techrii<5jj^tis^ and service personnels it 

* - . - £/■ . 

usually reduces the total number of jobs itj an organization. One of the 

J ' " ■ • • ; ■■ ■ . * 

main reasons fQT introducing automation is to reduce labor costs* The 
IpsS^of^jobs that results from automation is a source of anxiety both to 
individuals Whose joT>s are threatened and to \ society plagued with prob- 

' lems. of persistent* and increasing unemployment. r 
f * In the* 1960s one of the authors served as a consultant to an insurance ' 
company which had decided to automate it^ clerical operations. The author 
was sPployed to Help thfe company deal ^wittf* thd- human i problems precipitated 
by this d^ol'sion, I^feeeping with* the author r s advice, the management " 
anpiouh(;ed*^bafc no, Employee would fee dismissed because of automat io^i--an 
action thitHielped relieve employees* ahxiety about losing th*ir Jjoba. 
HoweverJTpv kifcds ^of anxiety wete created by the nianagement f s explanation 
that en§5oyee8 whose jobs were eliminated by automation would be^offered 

'retraining: for, other jobs at cpmpany expense, * Employees were noW anxious «(. 
about* the neceapBfc to r - change careers in midstream. Some felt a personal 
loss at having to^prsake a job in which they had invested years of train--- 

ing.aifc experience/ In devaluing this investment by turning "their" work 

'•■■%''• > * ' 

over to. an inanimate mG|^ine,, the qompany was, in effect, devaluing them 

as persons., Other employees felt anxious about their jfbility to learn a 

nfew job aridj do it. veil* * 

je^Jier] in tlie long run automation will reduce" the number of jobs in 

is^sti],! in dispute.. Some economists point to past situations 



le introduction of later-ripaving technology led eventually not to 
to 'more Mobs.;* But thrte is no doubt, as the aforementioned > 
example illustrate^^that automation wnl change the kinds of jobs that . 
; ,people will be^ hired % do, that it will compel people to retrain themselves 
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and to change careers — perhaps several times in a lifetime — and that it 
will Change the overall pattern of employment. In?. general, mass-proiduc^ . 
tion methods, over the past half-century, have reduced the economic 
demand for the services of skilled artisans and craftsmen. Automation, 
now promises to reduce the demand for unskilled' and semiskilled wpirkers, 
although it will create new demands for technicians v of various sorts. 

t What will happen to persons who are not predisposed by interest or 
aptitude to seek careers as technicians? This is a fundamental question. 
Should jobs in a humane society be shaped to the requirements of a tech- 
nology adopted by owners and managers, or should they be shaped to the 
interests and aptitudes of persons living in the society? Should the 
adoption of automation be determined by economic considerations alone? 
Or should this decision also be influenced by the preferences of workers? 
All these questions need to be deliberated in forging policies for using 
computer technology wisely and humanely.* • > * 

Thus, automation raises policy issues related to both employment 
patterns and the character and quality of work— in addition, to the ques- 
tion of whether workers should have to adjust their styles and prefer- 
ences to the cpnvenience of machines, rather than the* other way around. 
The way people answer these questions is likely to be affected by a 
value orientation which is widely assumed by people in our culture. This 

value Orientation leads many people to think that labor-saving devices 
v\ 

pe^r se are "good," and it is applied to homes as well as to factories, 
farms, and offices. A home is often thought to be unquestionably better 
if it contains such labor-saving devices as a dishwasher* a vacuum 
cleaner, a microwave oven. This value judgment is made even when those 
who tio the housework actually prefer to wash dishes by hand, to clean 
floors with brooms and mops, and to roast meat in an oven heated by burn* 
ing wood or coal. * 

This value orientation 'is related to our tendency to make idols out 
of artifacts — a tendency noted by Snow and Benne (see pages 93 and 94). 
On a larger scale, this value orientation is reflected in our preference 
for capital-intensive (technology-intensive) over labor-intensive methods 
of producing and distributing goods and services. Many ecologists, most 
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notably Barry Commoner, have pointed out that 'the adoption of capital- 
tat ensive Method a increases our. use of energy, thus aggravating the 
energy crisis which people all aver the world are fdcxng. Does this 
vplue "drlenfcatipn need to be ree^m^ed and changed? Specifically in . 
regard to automation^ which is largely macle possible by the development 
of computers, we may^ask: Should we automatically extend the use of 
•y« . 4 electronic technology because* it is fasc inking > because it Is available, 

. vand because it saves human labor? 

f 
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• \*. Suggested Learning Activities * 

> • ' / 

1. Imagining Life Witzhout Electronics, i No student now In high 

school has Renown a way of life In which radio has not played a part, and 
only a few *ftave experienced living without television sets, phonographs, 
or tape cassettes. .To involve students in assessing the human effects 
of these forms of electronic technology, they might be asked to kee£ 
logs of their Activities for one or two days and to star those time .peri- 
ods in which sii^h electronic devices played a, part.' As a further activ- 
ity, they might be asked to identify the purposes for which they have 
used these forms of electronic technology at various timps in tt\eir e 
rleace' — recreatipn, sports^ esthetic enjoyment, background to other 
activities, leading, relief from boredom, .keeping up with thejnews, 
keeping "up to date 11 with their peer group, etc, 

m A next step in the assessment might be to ask students to imagine 
how they might have accomplished those purposes without radio, television 
phonographs, or tape cassettes. In carrying out this imaginative enter- 
prise, they might interview their grandparents or other/ older citizens 
who hare lived part of their lives without access to at/ least some of 
these electronic devices. As a final step, students might be aJked to 
assign comparative values to B.E, (Before Electronics) and A.E, ((After 
Electronics) ways of satisfying enduring human interests. In whkt ways 
was life better and in what ways was it worse before the introduction of 
these forms of electrpnic technology? 1 

As studentjs^discuss their logs and assessments, they should discover 
that the positive values Of electronic progress — vaiues, which are taken 
for granted-- are actually open to question, and that some people llace 
different values on such electronic devices as radio, television, jphono- 
grkphs, and tape cassettes, \ " I 

2, Constructing a Value Continuum. 1 After it is discovered fe^r 
students that they differ among\ themselves in* their evaluations oflelec- 
tronic progress*, they might be asked to construct a value continuum with 
respect tQ such progress. This continuum should allow room for extjretne 
positions, from "ban all research and development work on electronilp 
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technology" on prie'^side to "encourage and generously support research and' 
development, in electronics and the practical application of its results' 1 
on the 1 other Make sure that at least- three intermediate positions can 
be- located between thfe two extremes as students identify the "pro" and 
"con" evaluations to which they are most attracted. Students should be 
askefi. to, state their reasons for choosing the value positions they have 
identified* - , * f ' 

3, Exploring Values Through Science Fiction . Students might be - 
asked to read George Orwell's 1984, with its picture of a closed society 
controlled by a dictatorial elite. These rulers rigidly limit citizens' 
access tjo important information and induce conformity to their rules and 1 
policies through continuous electronic surveillance of citizens 1 words 
and actions. Frequent reminders of this surveillance are -given through 
loudspeakers with the message "Big Brother is watching you." 

After discussing the values and disvalues of a society like .that- 
depicted in 1984; students might be asked to discuss the following ques- 
Ciontf: How might computers and communication facilities be used and con- 
trolled in this country today to create a closed and dictatorial society 
like , the one described in 19841 What trends in our society are moving us 
toward 19841 Should citizens try to reverse such trends? If so, how? 

4. Investigating Employment Patterns, To help students develop an 
appreciation of the effects of computerization . and automation on jobs, 
they might be asked to do research on the "Help Wanted" and "Jobs Wanted" 
advertisements in a current daily newspaper and in an issue of the same 
newspaper published ten years ago. (For this purpose, the Sunday edition 
of a metropolitan newspaper containing several pages of such advertisements 
is desirable.*) The students' research should be guided by the following 
questions: How many of the ads in "Help Wanted" listings are looking for 
technicians? Which of these ads specify that these technicians should 
know how to operate, program, assemble, install, and repair electronic 
devices, especially computers? In the "Jobs Wanted" listings, how many 
advertisers are looking for the kinds of jobs wtt^ch are likely to be 
threatened or eliminated by computerization and automation? 

As students discuss the results of their research, they should look 
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fox evidence of trends in employment opportunities which are related to 
automation. To personalize this activity, they might also discuss how 
these trends square with their own career aspirations. If the prevailing 
trends run counter to the career aspirations of some students, what might 
those students do to reverse or modify the trends? 

5. Debatj^g^a Proposed Social Policy.^ Many social issues are raised 
by the development of ^plfectronic technology , particularly computer technol- 
ogy. Some of these issues. can be considered by means of the kjLnd of policy- 
oriented debate described in Section 3. One such question for debate 

•might be stated in the following yay: "All further automation of industries 
businesses, and government operations should be banned by law until* every 
employable person has found a job." 

6. Envisioning an^ Educational Future. Some prophets of electronic * 
progress predict vast dhanges in programs of education in a fully developed 
electronic age. One such futuristic scenario envisages a home education 
system featuring a Computer terminal in every home and a two-way television 
system .to provide communication between individual learners and computers 

in regional education centers. In addition to answering learners 1 questions 
the computer would monitor and correct processes of speaking, calculating, 
and thinking. The individual learner would have no personal contact with 
the highly trained educators who program the computers and supervise their 
operation. 

Students might be asked to write imaginative essays describing a day's 
experience in such an educational program. In these essays, students might 
be asked to include their reactions to the possible elimination of some of 
the elements present in a "nonelectronic" educational program — interactions 
with other classmates and teachers, face-to-face communication with people 
who are different in age, background, and viewpoint, etc. 

After students ^have shared and discussed their essays, groups of 
students might be asked to envision an ideal educational program in which 
the positive values inherent in both traditional classroom instruction and 
computerized instruction are combined and integrated and the limitations 
of. each are eliminated of minimized. 
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7, Simulating a Policymaking Situation, One kind of policymaking 
situation whicb^&ight be simulated by students is a meeting of a cor 
gressional committee to consider proposed legislation that would allow 
greater latitude^ to policeman and intelligence agents in using elec- 
tronic devices to collect evidence against suspected criminals and 
enemy agents. Specifically, the proposed legislation would permit 
police officers and federal intelligence agents to submit the tele- 
phones, homes, and offices of /suspected criminals to clandestine elec- 
tronic surveillance (bugging) without a'court order. Officers and 
agents would also be permitted unlimited access to computerized systems 
in which personal information is stored — for example, the ^ lies of 
hospitals, Credit bureaus, and schools. 

Among the roles in which students ' could T)e cast are those 
of ; the chairperson and members of the congressional committee, citizens 
''representing a law-tand-order group that favors the propose^ legislation, 
and. other citizens representing a cdvil-liberties group whic^h is very 
much opposed to it. The students who play members of the congressional 
copamittee will need preparation time to wQrk oiit procedures for the 
bearing. Thos* playing representatives of citizens' groups will need 
time to work out their arguments and to select and brief their ^spokes- 
persons. If student feelings become polarized on the issues involved, 
the teacher might suggest thalfTfce^roles of the "law and order' 1 ^ind 
"civil liberties" advocates be reversed. 

'During the simulated hearing, the spokespersons for the citizens' 
gtoups will present their cases and answer questions put to them by 
committee members. Following this process, the -committee will try to 
decide what, if any, changes in existing legislation are desirable. 
In. the analysis and evaluation following the simulation, both teacher 
^and students should devote attention to both the content of the issues 
debated and the processes of policymaking involved in the role playing, 
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The first two sections of ; -this unit may be duplicated and used as 
^basic reading oft both the scientific 'background of electronic technology 
and related issues of social policy and ethics inyblved ,in ;Us practices. 
In addition, the following readings are recommended. (For information ' 
about locating and ordering publications with Et) numbers, see page 129,) 
^ Scientific Background of Electronics * 

Asimov, Isaac. New Intelligent Man's Guide to Science. New York: Basic 
Books, 1965. 

^ Chapters 6, 7, 8, and 1*6 of Asimov f s book explain the ^ 

theories behind electronic developments. This book can - 

be read wi£h understanding by most high school students. 

Bernstein, Jer^^ Computers, Past, Piesent and 

Future. New York}| Random House, 1964. ~ \ 

j Thi s excellent semihistorical account ~of» the background 
and development of modern computers was written for a lay 
ai^dience, and it can be read with understanding by both 
teachers and advanced students. 

Bernstein, Jeremy. Exploring Scxence': Profiles in Discovery. New York: 
Basic Books, 1978. 

*• / 

_ This is a book of well-written essays^which appeared orig- 
inally in New Yorker magazine. Both scientific innovations 
and the personalities of the innovators are discussed. 
The essay entitled "Calculators: Self-Replicators" is 
especially useful for this unit. Most of these eibsays can 
be read with understanding by average high school) students. 

Goldstein, Herman H. The Computer From Pascal to Von Neuman. • Prince- 
ton, N.J.: Princeton University Press, 1*970. 

The author of this book was, an associate of Von Neuman' s 
in-the development of ENIAC, the first all-electronic 
computer. This sfemitechnical account of computer devel- 
ment is good reading for. teachers and advanced students. 
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Social and Huitftn Effedtl of Electronic Technology , 

Bagdlki'an^ Ben ti. The Information Machines: Their Impact on Men and the 

Media* New York: Harper Torchbooks, Harper and* Row, 1971. 

This book offers a brief general discussion of the "infor- 
mation revolution" and it9 human and sotial effects. Most 
of the content deals with the effects of' 'electronic tech- 
nology on the collection and dissemination of news. , Thia 
thoughtful futurist/ic look at the news media of tomorrow I 
can be read with understanding by average students. 

(\ : * s P 

Greenberger, Margin, ed.- Computers apd the World Of the Future. 

Cambridge, Mass.: Massachusetts Institute of Technology Press, 1-962. 

This report of a conference held at the Massachusetts 
Institute of Technology in 1961 contains transcripts of 
the lectures given on tha£ occasion and of the discussion 
>which- followed each lecture. Especially recommendetl for 
users of this unit are chapters 1, 3, 4, and 8. A Useful 
bibliography of both 1 technical and nontechnical resources % 
'is appended. Good reading Ttfr teachers and most students. ; 

, ■ ■ * 

Hill; A'.V. The Ethical Dilemmas of Science. New York: .Oxford Press, 1962* 

This is a general treatment of the ethical probleros^-raised 
by recent developments in sfci^nc^. " 

Learning About Electrpnic Technology Through Science Fiction 

Hollister, Bernard C, and Deane C. Thompson. Grokking the Future: Science 

Fiction in the Classroom, Dayton, Ohio: Pflaum/ Standard , 1973. ED 084 554 

Chapter 4 of this book, "Fold,. Spindle and Mutilate: Man 
of the Machine," discusses how science fiction can be used 
to help students understand the threats to human beings 
posed by recent technological developments, especially in 
computer technology. 

In addition to the works noted above, students might enjoy reading 
Kurt R. Stehling's Computers, and You (New American Library, 1973, ' paper- 
bound)^^ Milton R. Wessei's Freedom's Edge: The Computer Threat to 
Society (Addison-Wesley , 1974) i 1 
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ynitf a\ altering the biological herej^ty op human BEIHSS 

i . AND OTHER LIFE FORMS 



Scientific Background 



It has long been. coifoipb- serine knowledge that hereditary traits are 
transmit fced from parents to their cffltdren. And .common- sense observation 
confitms further that the 'hereditary traits transmitted from parents ' 
appear in new comWnationfl in' their 6ff spring* For example, a child. may 
inherit "hjfe father ! s"~ button nose and.big feet along with "his mother's 11 

curly hair and broWn eyes, , 

* ■ * 

'modertv science of genetics began with the work of Grggor Mendel, « 
an Austrian monk, shortly after the middle of the 19th century, Mendel 
worked with pea plants in the garden of his monastery. By cross-mating 
plants which produced daik peas with. plants which produced light ones 
and observing the colors of the offspring through several generations, 
Mendel was able^to demonstrate that the transmission of hereditary traits 
4s governed by mathematical laws, 

Mendel's theory implied the existence 'of individual units of heredity 
which* cou^S pass information from one generation to the next. Various 
names were proposed for this theoretical unit of heredity by Darwin and 
others until th$ t,erm f, gene, M suggested by Wilhelm Johannsen, came to be 
generally adopted by biologists in the early 20th century, 

' The understanding of genetic mechanisms was significantly advanced 
by the work of Thqi&af Hunt Morgan, an American biologist who began study- 
ing the processes of heredity in a tiny genus of fruit fly, Drosophila, 
in 1910. Qhe advantage of the fruit fly over the pea plant as an experi- 
Rental life form was its ability to rapidly reproduce: it could produce 
dozens of generations during the time required for a pea plant to produce 
its first set of bfjooms. Another advantage was that the- flies could 
reproduce in glass bottles in a laboratory under highly controllable con- 
ditions. After studying wing size and eye color in his fruit flies, 
Morgan was able to confirm Mendel' s description of the mathematics of 
heredity; he then proceeded to go much further, and eventually' concen- 
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trated on studying natural mutants among his fruit flies. (A mutant is 
a rare and distinctive genetic variety which is markedly different from 
the normal in one trait or another.' For example, albino characteristics 
are due to the presence of rare mutants in normally pigmented human beings.) 
Morgan was able Co demonstrate that a mutation is due to the modification 
of a single geixe. 

It had been suspected for spme time that genes were located in chro- 
mosomes— dark, rod-shaped structures which can be observed microscopically 
in the nuclei of animal and plant qells. (A fruit fly has 8 chromosomes 
in each cell; a human being has 46.) Chromosomes are observably active 
during the processes of reproduction. They separate in the germ cell 'and 
then come together in a fertilized egg cell during the process of exchang- 
ing ^genetic information. By watching this phenomenon microscopically in 
his mutant ^fruit flies, Morgan correlated, chromosome inheritance with the 
inheritance of single gene mutants. He was able to locate the ppsitions 
occupied by many mutant genes in a given chromosome. In 1926, Morgan pub- 
lished a map of fruit fly chromosomes showing the location of each gene . 
that controlled a .given function— wing size, eye color, etc. ^ie of his 

tudents, H.J. Muller, was subsequently able to produce flotations artifi- 
cially by bombarding a population of fruit flies with X rays, a process 
that greatly reduced the number of fruit flies which had to be examined 
in locating mutants for genetic study. 

The- ability to map genetic territory gave a new "reality" to the 
stu^y of genetics. However, it did not answer the question of how, a gene 
actually controls the shaping of a biological organism. A partial answer 
was provided by the work of George Beadle and EdVard Tatum on an orange- 
colored bread mold known as Neurospora crassa. 

The search for understanding -of genetic functioning in living organisms, 
moving as it did from ^ea plants to fruit flies to bread mold and later 
to bacteria and viruses, was based on the assumption that the mechanisms 
of heredity are similar throughout the plant and animal worlds. Thus. the 
choice of a life form for genetic study was often determined largely by 
experimental considerations. Beadle and Tatum searched for a mutant of 
Neurospora which could be identified and separated from a normal Sample 
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of mold* They chose a mutant form which-could not make a required 

< 

nutrient out of the normal mo.ld diet of sugar and salts, 1 * They wpre 
able to prove that the inability of the mutant mold to' manufacture this 
nutrient was due to the malfunction of a single gene and the* lack of a 
single enzyme. ^ . s 

Most students who have had a physiology course think of an enzym* " 
as a complex molecule which functions in digesting food, In fac£, 
enfcymes also function to facilitate various other kinds of chemical 
activity in cells and organisms « One way in which genes are linked to 
body chemistry is through their production of enzymes, i 

Significant breakthroughs in science often come when two independently 
developing scientific disciplines Intersect, So it was with nuclear 
physics and chemistry .and with computer science and mathematics, arid so 
it has been with molecular genetics. The scientific discipline which 
Intersected with genetics to spark a momentous breakthruogh in molecular 
biology was chemistry, - 

As long ago as. the 1860s, Friedrich Miescher, a German chemist, dis- 
covered a substance which he called "nuclein" in analyzing pus from 
human wounds. Later he found nuclein in egg yolk ar^d in the sperm of 
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salmon, By 1920, nuclein ,had been factored into two principal nucleic 
acidss ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), 

The intimate connection between DNA and heredity was demonstrated by 
Avery and his colleagues at the Rockefeller Institute in New York, It 
had been found earlier that when a pneumonia bacterial mutarft which was 
incapable of causing disease was mixed with an extract of dead lethal 
bacteria and injected into a mouse, the mous x e. developed pneumonia and 
died* In an effort to identify which compound from the dead bacterial 
extract transmitted the disease-producing instructions to the nortlethal 
bacteria, Avery and his colleagues remoyeci 6ne chemical compound after 
another from the bacterial extract-^proteins , starches, fats. Finally; 
they decided that the minute fibers' of DNA were carrying the disease-pro- 
ducing capacity into the cells of the previously harmless pneumonia 
bacteria, 

Work on DNA and RNA culminated in .1953 witH^t^e A now-famous discovery 



'to Jan*s Wat'ion *nd ?ranci^ Crick of the structure of the DNA molecule. 
Th# understanding of this structure and- its implications for the reproduc- 
' > tion and the functioning of the genes has been a key to the stupendous . 
progress in molecular biology during the past' 25 years. . . i 

The structure proposed for DNA by Watson and Crick was the double 
: + helix, which ham become as popular a symbol for molecular biology as, the 

positive nucleus surrounded by orbiting, electrons has become for atomic 
* physics. DNA consists of a spiral of two connected ribbons. The backbone 

of each ribbon is made- up of sugar and phosphaWr , To jeach ribbon are 
, attached four rtucleic acids— adenine (A), guanine (G) ,/ cystosirte (C) , and 

thymine, (T)~r in various numbers and .arrangements. T acidg are attracted 
^to A acids, and G acids are attracted to C acids. These attractions hold 
the two ribbons together in the double helix. However, the attractions > 
are weak enough to permit each ribbon, in the procearf of cell division, 
. to separate and join with two new molecules of DNA. % The original ribbon 
* carries the important genetic information necessary for shaping enzymes 
which facilitate body chemistry arid proteins which make up the tissues of 
* complex living organisms. 

Geneticists now speaks of the nucleic acids, A, G, T, and C, as the 
f "letters 11 of a gefie tic "alphabet." These letters can combine, as in. our 
verbal alphabet, to forro-'many "words," and genetic "words" can combine 
\ to form various, genetic "sentences." DNA "sentences" contain the infor- 
mation which distinctively shapes the skin, bones, lungs, heart, and. < 
other organs of 9 living organism in the image of the patents who con- 
tributed their distinctive DNA in the process of sexual reproduction. 
Geneticists have~thus been able to decipher the "genetic code" of living 
organisms, 

Much of the re'cent work of geneticists has been focused on the study 
of bacteria, and the bacterium most-often stzlAed is one that normally 
inhabits the intestines of most, if not all, human beings: Escherichia 
coli. The genes and chromosomes of E, coli have been thoroughly , mapped 
by geneticists. In this study, viruses have played a part. Some viruses, 
which are essentially DNA^or RNA encased by proteins, have the capacity 
to inject their DNA or RNA into bafcteria, Viruses can function and repro- 
: - * \ 
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ducc only within a host cell, and they can carry new genetic information* 
into bacteria .and other living cells. The invaded bacteria are instructed 
to produce more viruses according to the. information carried in the DNA 
or RNA of the invading virus. 

Geneticists have also discovered restriction enzymes which can cut 
DNA fibers into pieces. Under proper conditions, these pieces can 
recombine to form new DNA chains. Now that we have the ability to per- 
form .surgery on DNA fibers and make new DNA combinations , given that we 
know how these new combinations can be carried into living cells,* 
recombinant , genetics — ih effect, the capacity to make new Jif e forms—has 
become possible. Awareness of the risks implicit in the use of this' 
power recently led to a self-imposed temporary moratorium by geneticists 
on recombinant genetic research, an action that focused public attention 
on the revolutionary potentialities for good and for ill in the findings 
and applications of molecular biology. 
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A Risk/Benefit Analysis of Applied Genetics 

The three general forms which application of genetic knowledge has 
taken in the past and may take in the future are easily identifiable: 
(1) improving the quality of existing species through eugenics, (2) 
changing the processes of sexual reproduction, and (3) creating new liffi. 
forms through reqombinant genetics. Each of these forms will be discussed 
in turn, and issues related to social policy and individual ethics will 
be identified for each area. 

Eugenics ' .* 

The notion that the quality and character of- living things can be 
improved through controlling their heredity is not new in the history of 
ideas. Ever since Plato toyed with the idea of mating the "best", males 
with the "best" females in pre-Chri^tiatj Greece, the ides of eugenics 
has never been absent from the thoughts of some "reformers." 

While the systematic application of eugenics to human beings has 
seldom been seriously attempted in the history of mankind (Hitler's attempt 
in Nazi Germany to "purify 11 the human gene pool by exterminating Jews and 
Gypsies was one of the notable exceptions), efforts to improve animals 
and plants through selective breeding and hybridization have been both 
widespread and effective. Of course, animal and plant breeding was 
carried on long before the modern science of genetics was developed. 

''.What animal and plant breeders do, in effect, is to identify natural 
mutants with particularly desirable characteristics and foster their 
propagation through controlled selective breeding. Such characteristics 
might include drought resistance in cereal grains, a short growing season 
in corn, large milk production in cows, lush and distinctively colored 
flowers in decorative plants. Where different desired characteristics 
are found in different mutant strains of a plant or animal species, these 
characteristics can be combined through cross-breeding or hybridization. 
Thus a wheat variety which produces high-protein grain might be cross-bred 
with a drought-resistant variety to produce a high-protein, drought-resis- 
tant variety of wheat. 

In the case of mammals, mastery of the art of artificial insemination — 
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implantation of the sperm o£ a male animal Into the womb of a^ female 
animal—greatly extended the power of animal breeders to propagate 
desirable genetic strains. A single bull, for example, which carried 
genes for exceptional milk production in his sperm cells might "father" 11 
calves in whole herds of dairy cows. Once means had been developed to 
preserve sperm cells over long periods of time, sperm banks were estab- 
lished »and sperm cells were transported all over the world. Thus an Iowa 
billl couid conceivably "father 11 calves in Nepal and New Zealand months 
after his death. Artificial insemination is also practiced with human 
beings. In this case, the sperm may , come from a woman's own husband or 
from .anothet* man. A woman who wishes to bear a child without getting 
married may seek artificial insemination with sperm from an anonymous 
male donor or from a sperm bank. 

What scientific genetics can do for plant and animal eugenics is to 
make the rfesults of sperm and egg combinations more predictable and the 
practices of selective breeding and cross-breeding more systematic arid 
better controlled. Scientific breakthroughs in genetics often lead to 
proposals that eugenics should be extensively applied to human beings. 
H.J. Muller, who was the first to produce artificial mutants by bomr- 
barding fruit flies with X rays, later became an ardent advocate of 
applying eugenic measures to human beings in order to rid the human 
gene pool of hereditary defects. The hereditary defects which Muller 
and some other medical researchers had in mind were such gene-carried 
diseases and infirmities as feeblemindedness, hemophilia, sickle-cell 
anemia, arid Tay-Sachs disease. The fact that the presence of such genes 
in the chromosomes of men and women can now be detected raises some 
complicated ethical questions: Should carriers of such defective genes 
be automatically sterilized? Or should they merely be given information 
abotit their defective genes and permitted to make their own decisions 
about sterilization? The genetic composition of a child can now be 
determined while the child is in the fetal stage through the process of 
amniocentesis , during which fluid is drawn from the fetal sac in the 
mother's womb. If one or both parents are known or probable carriers of 
defective genes, analysis of this fluid can provide information about the 
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presence of a defect in their unborn child. The parents can then decide 
whether to abort the fetus. 

Some people argue for compulsory sterilization of identified carriers 
of certain defective genes. (All of us ( carry some possibly harmful mutant 
genes.) Others argue for compulsory testing of every pregnant woman to 
determine whether there are serious genetic defects in the fetus and for 
compulsory abo*tion if such defects ave found. Still. other people might 
accept the idea of compulsory screening and testing, but would leaye * \ 
decisions about sterilization to the individuals involved. Similarly, 
these people might advocate compulsory genetic testing of all pregnant 
women but leave to parents the decision abqut whether to vabort a geneti- 
cally defective fetus. Many people who feel ^strongly about the "right to 
life" of unborn and even unconceived "children 11 might object to both 
sterilization and abortion on the ground that they represent an, immoral 
interference with natural law. 

Involved in this issue are difficult questions of social and individual 
ethics. Who decides which hereditary abnormalities are to be considered 
undesirable? Steinmetz, the genius who profoundly advanced the study of 
alternating electric currents, was a hunchback. What would have been the 
social effects if his parents had learned of this birjth defect and decided 
to prevent his birth? Would the .human gene pool have been purified or 
depleted by this decision? 

Another profound question is related to who makes decisions about 
sterilization and abortion to prevent the propagation of genetic defects. 
Should the state make these decisions? Parents? Individuals? One state, 
North Carolina, passed a law 25 years' ago requiring the sterilization of 
residents with serious mental deficiencies. So far, nearly 100,000 North 
Carolinians have been sterilized in comformity with this law. How do you 
react to the idea of having such a law? Would you advocate or oppose it 
in your state? 

Alterations in the Processes of Sexual Reproduction 

One man-made alteration in the process of sexual reproduction has 
made it possible to produce "test-tube babies/ 1 In the summer of 1978, 




touise, allegedly the first test-tube t>aby, was born In London, England. 
One, of her mother's eggs was fertilized by one of her father's .sperm out— 
side the body of her mother', The fertilized egg was later artificially 
transplanted into her mother's uterus, where the embro$3? developed in 
'thejusual way. This was a medical solution to the prqblem created by 
an anatomical condition in Louise's mother which made it imposis^fcle for 
her to become, pregnant in the normal way. Both parents agreed to the uae 
4 of the" revolutionary procedure. The fact that hundreds of requests for 
similar treatment were received after Louise's birth was publicized reveals 
that the problem faced by Louise's parents is shared by many other people 
who wouldV^ike to have children. So far, the proceduM»seem a benign 
addition to medical technology. 

The social problems implicit in the further development and refine- 
ment of such a technology become apparent when we imagine not only concep- 
tion but the entire process of gestation as occurring outside the body of 
a mother. Biologists have experimented with "artificial wombs 11 for lower 
animals, and embryos have developed through a good part their prenatal 
cycle under such conditions. It is not implausible that such a technology 
could be perfected and applied to human reproduction in the not-too-distant 
future. .'.•„•; 

If such a yay of developing babies were to become feasible, the temp- 
tation to control their genetic composition and prenatal environment, with 
the aim of producing the kinds of babies thought to be "desirable, 11 would 
be very great indeed. The same ethical questions that were raised in 
connection with 'eugenics programs would then confront people with even 
greater force: Who should determine what kinds of babies are desirable? 
The state? i Medical experts? Parents? By what standards should desir- 
ability be judged!; Health? Intelligence? Physical beauty? What effects 
would this way outproducing babies 4iave on family patterns and structures 
which havie developed around traditional processes , of sexual reproduction? 

Of course, sfych a technology has not yet been perfected. The policy 
question for the present is whether research designed to develop such a 
technology should be encouraged, discouraged, or banned. Should public 
money raised through taxation he used to support such research? Who 
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should m^ke decisions about its continuation and tempo? Scientists? 'The 
medical profession? The government? Citizens? . Or some, combinatidn of 
these? • ' 

An eveiv-more-drastic alteration of the processes of sexual repro- 
duction is known as cloning. In cloning, the nucleus is removed from the 
egg of whatever species is being cloned and replaced by the nucleus of an 
adult cell. The egg is then implanted into the womb, and the process of 
gestation^ be.gins . The organism thus created would be an identical genetic 
copy of the adult from which the substitute nucleus was taken. Dozens, 
even hundreds, of "carbon copies 11 of an organism could conceivably be pro- 
duced by cloning. Cloning, in effect, repleces sexual reproduction with 
asexual reproduction, which is characteristic of such primitive organisms 
as amoebae and bacteria. 

Biologists report that cloning has been performed successfully in 
animals as complex as frogs. In 1977, a widely publicized book was pub- 
lished in which it was claimed that an elderly, eccentric millionaire had 
(with expert help, of course) produced an exact copy of himself through 
the process of cloning. While genetic experts unanimously questioned the 
authenticity of this report, none of them denied that the cloning of humans 
is a distinct possibility for utrhe future. 

Animal breeders might look with distinct favor on cloning. In the 
field of horse racing, for example, it might be seen as a ^istinct benefit 
if Seattle Slew or Affirmed could be copied a dozen or\a hundred times 
without risking "contamination" of his offspring by mating him with a 
female partner. Similarly, advocates of cloning at the human level might 
point to the benefits of producing exact copies of an Albert Einstein, 
Mahatma Gandhi, Mohammed AIT, or Eleanor Roosevelt. To balance this 
optimism, Ira Levin's horror-science-fiction novel, (which was released in 
1978 as a motion picture starring Gregory Peck), The Boys From Brazil, 
should be recalled. In this .story, a geneticis^ from Nazi Germany succeeded 
in producing a dozen clones of Adolf Hitler, using cells preserved from 
Hitler's body, and planting the clones, through adoption, in families in 
a number of countries. 

Although it is impossible to anticipate all the problems which the 
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cloning o s f numan beings would precipitate in our' own and other societies, 
some of these seem obvious* At th^e .personal level, what would be the 
legal, social, and human status of a clone? Each would have only one 
genetic parent— -a "mother 11 for a female clone and a "father" for a male. 

What problems of personal development would clones face? How would a 
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clone develop a sense of personal , identity surrounded , as he ot she might 
be, by carbon copies? 

At the societal level, already familiar questions would have to be 
faced. What individuals should be cloned,? Should the choice depend on 
wealth — on the ability of people to pay experts to accomplish the process? 
Should cloning be limited to individuals who are socially desirable? 
Should the process of cloning be denied to socially undesirable persons? 
Should only social conformists be cloned, and the process denied to 
dissenters and rebels? Lying behind these questions is the most difficult 
oi\e of all: Who will determine the answers to these unprecedented moral 
questions? , 

At a still-mOire-general level, with implications for the survival of 
the human race, an important issue would confront all societies. Wide- 
spread cloning would minimize the mixing of genetic strains and the ever- 
changing genetic cpmbinakions in people which sexual reproduction provides. 
While this process of genetic mixing has never been truly random because 
of* socially imposed limitations on human mating, it has provided mankind 
with a variety of genetic potentialities to meet the demands of a chang- 
ing environment. Cloning would tend, if widely used, to perpetuate limited 
number of genetic combinations — primarily those considered desirable for 
functioning |in the environment confronting people at that period of history. 
However, the genetic combinations considered "undesirable" at any given 
time may he the very ones best able to adapt to a radically changed envi- 
ronment. Thus, through cloning, the survival of the human species in a 
changing environment might be jeopardized. And it is important to remember 
that decisions made about reducing the variety of the human gene pool 
would be irreversible. 

Genetic Engineering — The Creation of New Life Forms 

It has already been noted that molecular biologists now have the 
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knowledge and know-how to produce new life forms. Using restriction 
enzymes, they can perform surgery on DNA fibers. The fragments from this 
surgery could conceivably , under cerjtain conditions, be recombined with 
other DNA fibers to form new DNA "sentences" which could function to 
produce new species. And scientists have the means, in the form of 
viruses, to' carry new DNA into living host cells. V - 

The hazardous potential of 'rec/ombfnant genetic research led Paul 
Berg of Stanford University, a pioneer in this field y and other molec- 
ular biologists to declare a moratorium on this kind of research in 1974. 
this international group of scientists subsequently called a conference 
of molecular biologists at Asilomar, California, to assess the potential 
hazards of recombinant genetic research to public health and planetary 
ecology "and to agree upon guidelines for reducing these hazards to a 
safe level. ^It was the hope of these scientists that by doing so they 
might achieve self-regulation and avoid governmental restrictions. 

The hazard o^ which the^participants in the Asilomar conference were 
most aware was that new, disease-producing forms of bacteria might be 
created, and t|hat they might somehow escape from the laboratory to cause 
epidemics of disease in human and other organisms. If that should happen, 
there would be no known methods of controlling the diseases that these . 
new virulent agents might^ produce. This fear seemed all the more real-' 
is tic since, as already noted, the principal life form used in recombinant 
genetic research was E. Coli, \p. bacterium whose natural habitat is the 
intestines of human beings and other animals. Moreover, the principal 
agents for introducing new DNA into bacteria were viruses, including 
some that were known to produce tumors in human and animal organisms. 

There are, of course, potential benefits as well as risks in recom- 
binant genetics. Pharmaceutical companies have invested in recombinant 
research in the hope that bacteria can be produced which could manufacture 
such materials as ins^ffin, a hormone used in the treatment and control of 
diabetes. And some medical biologists are hopeful that malfunctioning 
genes in human organisms mi §ht "someday be repaired, or replaced through 
procedures developed in recombinant research. 

However, scientists at the Asilomar conference were primarily concerned 
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about the hazards implicit in such experimental efforts. Their initial 
work led to/a series of conferences under the auspices of the National 
Institutes of Health which produced guidelines prescribing security measures 
which must be maintained in laboratories conducting various kinds of recom- 
binant research. Most of these security measures involved physical barriers 
to prevent th£ new life forms produced in the laboratory from spreading 
to the .world outside. However, these scientists also wanted to ensure ' * • 
that the host bacteria developed for experimentation could not live out- 
side the laboratory environment. • The guidelines they formulated applied , 
only to research supported by government funds, not to that conducted and 
supported by private industry. Research in recombinant genetics is now 
proceeding in the United States and in other countries under these kinds 
of controls. » 

As the work of the Asilomar and other conferences was reported in the 
press, concern about the production of "doomsday bugs" spread to' the gen- 
eral public. Among the leaders in the effort to alert the public to the 
dangers of continuing and supporting such ■ research have been scientists 
themselves — such men^s Robert Sinsheimer, Erwin Chargaff, and many younger 
antiestablishment scientists. 

When Harvard University proposed to erect a building in Cambridge, 
Massachusetts, to house projects in recombinant genetic research, the 
mayor and council of the city of Cambridge became alarmed and threatened* 
to ban such research in their city. The resulting public furor led to 
the appointment of a committee of lay persons 1 who, after thoroughly 
studying the risks and benefits, made recommendations m to the mayor and 
council about the conditions under which such research might safely go 
on at Harvard. 

The effort by scientists and the public to learn to control the vast 
powers implicit in genetic engineering has just begun. However, two 
conclusions can be drawn from the brief history just described. 

The first conclusion is that, although genetic researchers are to 
be commended for recognizing the hazardous potential in their own research 
and initiating efforts to reduce, if not eliminate, this , potential , for 
the most part they have confined their deliberations to technical questions 
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related to laboratory security; they have not dealt with the broader 
social and human implications of their work. The critics of recombinant 
genetic research, some of them scientists themselves, have raised impor- 
tant questions which need to be faced by the public as well as by scien- 
tists. As Robert Sinsheimer Remarked, "There was, at Asilomar, no 
explicit consideration of the broader social or ethical implications of 
initiating this' line of research— of its role as -a possible prelude to 
longer-range, broader-scale genetic engineering of the flora and fauna of 
the planet, including, ultimately, man 11 (Rogers 1977)\ 

S.E. Luria, a professor at the Massachusetts Institute of Technology 
and a Nobel laureate in biochemistry, has given us a summary gl^pse of 
the momentous questions raised by molecular biology: 

Projecting the present ^knowledge of biology into the 
genetic medicine of the future leads inevitably into 
controversial territory. Such practices as abortion 
to prevent the birth of defective babies or introduc- 
tion of different genes into an individual's .heredity 
raise serious questions of- moral choice. Some day it 
may be in human power to decide, not only who will or 
who will not be t>orn>\but also what those born will bev 
like, what genes they /will and will not have, whom they 
will resemble. ... In a competitive, caste-ridden, 
power-dominated society, the ability to refashion 
human beings by selection or manipulation of eggs, 
sperms and genes might become a tool to promete ine- 
quality and oppression. It might' serve to create masses 
of obediently toiling slaves or to, manufacture elites 
of identical rulers — in ancient Egypt, pharaohs married 
their sisters in order to generate^successors as similar 
as possible to their own divine selves. (Luria 1973) 

The second conclusion that may be drawn from this- brief history has 
to do with the interrelationships between scientific experts and lay per- 
sons in making policy decisions about potentially hazardous research. 
The Asilomar conference was limited to scientists, as were the later con- 
ferences at which the NIH guidelines were drafted. It has beerv reported 
that the scientists at Asilomar distrusted both the public and the news 
reporters who were their only link to the public (Rogers 1977). It is 
probable that the panic with which someyj>eople react to the mention of 
recombinant genetic research has been amplified by the feeling that they 
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and their interests are not sufficiently represented in policymaking on 
if^ues that affect their health and safety. 

The effectivity of the committee of lay persons which helped ,to settle 
the Cambridge crisis should be reassuring to both. scientists and ordinary 
citizens (Nelkin 1978), It is clear that scientific policymaking' on issues 
which involve grave social and human consequences must be collaboratively 
done in the future, and both scientists and lay persons, must be reeducated 
if such collaboration^are' to be sane and productive*. Some scientists f 
must abandon their dogmatic commitment to scientific "purity" (which has 
never existed, /historically) and their contemptuous attitude toward lay 
petsons/who^tfon' t know what they're talking about" when it comes to the 
direct^jirfs that should be established for scientific research. And lay 
persons must— arvoid both blind subservience to and blind rejection of the 
authority of scientific and technological experts. This kind of mutual 
reeducation is of the greatest social importance, and it should begin 
early in the educational process — certainly not later than high school, 

Howeyer, in dealing with the issues raised in connection with this 
unit, teachers need to realize that some of them have profound religious 
implications. The very mention of the word "abortion 11 in a classroom may 
provoke the wrath of parents, citizens of the community, and some students. 
The suggestion that the termination of human life at any stage may be con- 
sidered a legitimate option in a continuum of values is deeply disturbing 
t.d many peopl^. In planning and presenting this unit, teachers need to 
be aware that such reactions may occur and to consider the sensitivities 
of both individual students and the community as a whole. As in any of 
these units, of course, students should never be asked to defend a value 
position to which they are morally opposed. 
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• - m Suggested Learning Activities 4 > 

1. Exploring Personal Concerns . Genetic research presents all ' . 
societies with the need. to make far-reaching policy decision^, some of 
'which affect all of mankind. Before dealing VLth these larger questions, 

it is important that students develop some sende of the pergonal impli- 
cit ions, -inherent in the processes and programs of genetic engineering.' 
To accomplish this, they might be asked t^o write personal statements in. 
response to one or more of ^the following situations: • » 

a. You live in a state which has. laws requiring , the com* 
pulsory sterilization of persons with specified genetic defects. 
You, hajve discovered that you have one of these defects. Would 
you willingly submit to sterilization? Give reasons for your 
decision. ' 

b. You are married r You and your spouse have discovered'* 
that a baby is on the. way. An examination of the fluids of 

u the fetal sac shows that the unborn child has a serlou^ birth ^ 
defect. You .and your spouse must decide whether to abort the 
fetus. .What reasons against havihg an ^abortion come to your 
niiitd? Similarly, think of reasons favoring abortion. What 
would you decide to do? Why? 

c. You are one of a dozen clones, "caj^on copies" of an . 
adult who is rearing you and your clone Siblings. n How t 
would you feel toward Nyour fellow clones? Toward your "parent' 1 ? 
Toward other youngsters who were sexually reproduced? Toward 
yourself? What differences from "normal 11 development do you 
think you would experience? ' .* 

Studen tar might be dsked to share and discuss their statements with 
the rest of the class or in small groups. 

2. Constructing a Value Continuum.. A value continuum with posi-fclons^ 
ranging frpm extremely negative to extremely positive can be constructed 
for genetic science and engineering as a vfhole or for ppecific aspects of 
it — eugenic programs to "purify" the human gene pool, hutydn'" cloning, 
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or recombinant genetics. After reading and discussion, teacher and 
etu^enta might. together 'construct a value. coutinuurit, filling in the 
value content for both extreme and intermediate positions. Students can 
then place themselves initially at -one value position or another. This 
process will facilitate casting students* in subsequent debates and role- K 
play activities*. . - 

3. Debating Policy fssues* .Many issues raised by genetic science 
and engineering can easily be dealt with" using the debate format described 
in Section 3. Here are a few of the debatable issues: 

.av Sterilization should be compulsory for men and women with 
serious criminal records, * * 

b. Abortion should be required for fetus when amniocentesis 
reveals serious birth defects* 

. c. Research on methods of human cloning should be denied 
public funding. j m 

y d. A, young man and a young woman considering marriage should 
be required to undergo analysis of their chromosomes for defec- 
tive genes and receive genetic counseling before they are allowed 
to marry. 

\ ' . 

e. Research and development work on the extrauterine concdp- 
tion and gestation of human beings should be prohibited by law. 

If the discussion reveals that students are tending to become polar- 
ized bn an emotionally charged issue, role reversal might be tried: some 
of those who have strong "con" feelings on an issue should be asked to 
develop and present arguments for the 'pro 11 side. The "listening" group, 
which is trying to find ways of integrating the views of the extremist 
factions, should include at least one "pro 11 and one "con" extremist. The 
purpose of this activity and of the follow-up discussion is, of course, 
to help those who feel strongly about an issue understand and appreciate 
the viewpoints of their opponents, 

4» : !' yxam ining Predictions About the future. In recent years, achieve- 
ments in' recombinant genetics have produced a fJ.ood of predictions about 
the consequences of such research for future societies. Some of these 
predictions have been 'tnade by scientists, others by nonscientists. Student* 
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night be % asked ;to collect such predictions from newspapers * and popular 
magaeitjef , published since 1974 and prepare reports 'summarizing and analyz- 
ing theae scenarios. While it is too v early to say which of these pre- 
dictions hqve been historically confirmed or disconf irmed, studentaf might 
be- asked to analyze them with two questions in mind: What is the tactual 
basis for, the- prediction-- what part is fact and what part is interpreta- 
tion? What characteristics of the author of each prediction probably 
led to an optimistic or pessimistic' interpretation. of the facts? 

5_. Using Science-Fiction to Explore Values, Science fiction,, it 
has already been suggested, can be used to help students feel and think N 
futurist ically about the consequences, good and ill, of science and 
technology, Aldous Huxley's Brave New World is admirably suited for 
this purpose in the study of applied genetics, In Huxley's vision of 
a future world, gepetic engineering was used to produce the kinds of 
creatures needed to meet the requirements of a carefully stratified 
and controlled society. 

After reading the novel, students can profitably discuss Huxley's 

vision of the future from several perspectives indicated by the following 

questions: How plausible is the society of Brave New World in light 

* >. 
of developments in modern. biology? In what respects is that society 

desirable and in what respects undesirable? What alternative ways of 
life might people build, using Huxley's imagined science. an<J technology? 
What can people now do to shape the use of technology in humanly desire- 
able ways? • * 

Ira Levin's The Boys From Brazil (see-pa^e 114") might also bemused 
as the basis for thi9 activity. 

6 V Simulating a Congressional Hearing , Policymaking for the control 
of genetic science and engineering can be sitnulated in a number of ways. 
One fruitful simulation might be built around a hearing before a congres- 
sional committee* The committee is conducting public hearings as part 
of the process of deciding whether to draft legislation which would ban 
recombinant genetic research. Students can be castas members of the 
committee and* as citizens appearing before the committee to try to 
influence the shApe of the legislation being considered. Both "pro" and 
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"con" citizen grbi^ will need preparation time to think through their 
positions and appoint and brief spokespersons. Students playing members 
of the committee will need time to work out procedures for the hearing. 
The hearing should included presentations by both citizen groups, with 
questioning by committee members following the presentations, After thesfe 
presentations, the committee might try to reach a policy decision about the 

r 

kind of legislation required, " + 

In analyzing and evaluf|^ng the experience, teacher ahd students 
Should focus on both the content Issues dealt with in the hearing and the 
process of policymaking employed in the simulation, 

7. Discussing the Implications of Human Eugenics, Eugenic programs 
for human "improvement" invQlve the application of methods which animal 
and plant breeders have used in developing new varieties. These methods 
primarily involve the propagation of desirable genetic strains and the - 
elimination of undesirable strains through selective breeding and controlled 
hybridization. In the future, such powerful new technologies as cloning 
and extrauterine conception and gestation may become feasible, J 

Students might be asked to discuss the differences ^between applying 
such methods to "lower" animals and plants and using them on human beings: 
What ethical and legal safeguards should be built into eugenic programs 
at the human level to protect individual and human right sfr 

Student 8 should be encouraged to carry the results of their study of 
genetic engineering into social action, so long as the rights of individual 
students to choose various value orientations (or inaction) are preserved. 
The actions undertaken might employ any one or several of the formats of 
a citizen participation outlined in Section 3, 



Reconmlended Readings 

The first two sections of this unit may be duplicated and. used as 
basic reading both on the scientific background of genetic engineering 
and on related issues of social policy and ethics. In addition, the 
following readings are recommended. (For information about locating 

and ordering publications with ED numbers, see page 129.) 

♦ 

Scientific Background 

Luria, S.E. Life: The Unfinished Experiment. New York: Scribners, 1973. 

This clear and vivid 4 account of the concepts and find- 
ings of modem molecular biology, written expressly for 
the intelligent lay person, can be used by teachers~and 
advanced students. 

Packard, Vance. The People Shapers. Boston: Little Brown, 1977. 

In chapters 12-19 and 23, Packard is mainly concerned* 
about clarifying the social and ethical issues raised 
by actual and potential applications of the growing 
scientific knowledge of human genetics and reproduction. 
In furthering this purpose, he presents an easy- to-read 

summary o f the current state of genetic engineering. 

fc * 

Rogers, Michael. Biohazard. New York: Knopf, 1977. 

Rogers reports in accurate yet dramatic fashion 6n the 
efforts of recombinant geneticists to find policies and 
procedures designed to reduce the hazards to public 
health and planetary ecology which are implicit in their 
line of research. In his*report, Rogers covers the 
Asilomar conference of 1975 and the succeeding conferences, 
sponsored by the National Institutes of Health, which 
developed the guidelines that now govern federally fundc 
research in recombinant genetics, his report ing* both > 
humanizes the scientists involved and opens up the grave 
policy issues which genetic research presents to society. 
The book also contains a succinct history of scientific 
genetics. Good reading fqr all students. 

Ethical and Social Issues 

Packard' s^andT^l^gers ' s books are both useful here as well as on the 
scientific background, as noted above. 
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Grobman, Arnold B., ed. Social Implications of biological Bducat^ 

Princeton, N.J: Darwin Press, 1979, ED 056 893. 

Chapter 4, "Genetics includes a symposium on the social 
implications of genetics and genetic manipulation with con- 
tributions by geneticists and teachers of biology. 



Ethics and the Life Sciences, Hastings-on-Hudson, N.Y. 

This periodical is recommended to teachers as a continuing 
so&kce on the social policy and ethical issues raised by 
developments in the biological sciences, including medicine. 
It also lists new books in the field. 

Watson, James. The Double Helix. New York: Atheneum, 1968. 

This story of the discovery of the structure of DNA, written 
by one of its 'discoverers, reveals the all-too-human competi- 
tion among and fallibility of scientists. For advanced stu- 
dents and adults. 
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RELATED READINGS IN THE ERIC SYSTEM 

. The supplementary resources described in this section h&ve been 
entered into the ER^C (Educational Resources Information Cent et) 
system. Each l\ identified by a six-digit number and two letters:' 
"EJ" for jotimal^articles, "ED" for other documents, 

If you want to read a document with an ED number, check to see 
whether your local^ library or instructional media center subscribes to 
the ERIC microfiche collection, (For a list of libraries in your area ; 
that subscribe to t\e ERIC system, write to ERIC/ChESS, 855 Broadway, 
Boulder, Colorado 80^02.) 

If an ERIC collepion is not accessible, or if you want a personal 
copy of the document iVi either microfiche (MF) or .hard copy (HC), write 
to ERIC Document Reproduction Services (EDRS), Computer Microfilm Inter- 
national Corporation/ £.0. Bdx'190, Arlington, Virginia. All orders 
must be accompanied by payment in full, including prepaid postage. Prices 
(correct as of October 1, ^.978) are cited for each ED document. (Note 
that for some documents hard .copies are either not available or must be 
ordered from the publisher instead of from EDRS.) 

^ If your local library does not have a journal article that you want, 
you may write for one or more reprints to University Microfilms, 300 
North Zeeb Road, Ann Arbor, Michigan 48106, The following information 
is needed: title of periodical or journal, title of article, author's 
name, date of issue, volume number, and issue number. All orders must 
be accompanied by payment in full, plus postage. ' 

Documents 

Caldwell, Lynton F. , ed. , et al. Science, Technology, and Public Policy, 
« Vol. 2. Bloomington, Ind./t Indiana^ University Department of Govern- 
ment, 1969. ED 045 366". 549 pp. MF $0,83, plus postage. HC not 
available from EDRS; order fronj National Science Foundation, Room 25 
1800 G Street NW, Washington, D*C. 2055G- (free). 

This publication, prepared- wit;h the support of the National Science 
j Foundation, is a master bibliography of 2,700 journal articles 

published between 1946; and 1967 about environmental quality, pollu- 
tion, science history, and the socioeconomic impact .of technology. 
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Energy Education Materials Inventory. Part 1: Print Matter ials. Portland, 
9 \ Ore. : Energy and Mta's Environment, Inc., 1976. ED 13^ 192. 102 pp. 
- , V HF $0.83, plus postage; HC not available. 

Prepared, ,fpr secondary science and social^studies teachers with the 
„ support of the federal Energy Research and Development Administration 
' : (BSDA), this is one part of ,a six-part annotated .listing of available 
teacher f s guides, curriculum materials, and background readings 
relevant to (furreht prpblems of energy use and conservation. 

Lahar t , David E . , and; Rodney F. Allen, eds. Energy, and the Environment, 
Vol.. 2. Tallahassee: Florida State University College of Education; 
1977. ED 143 593. 106 pp.. MF $0.83, HC $6.01; plus postage. 

Prepared by arid for teachers of high school science and social studies, 
this is a report on teaching methods and materials in energy education. 
The suggested activities, which range from simple to complex, include 
games and other novel strategies for involving students in issues, 
related to energy Conservation and use., 

Multidisciplinary Team Approach to "The Man-Made World," A. Denver* Colo- 
rado State Department of Education; Boulder: University of Colorado, 
• jfl970. ED 065 374. 121 pp. MF $^83, HC $6.01; plus postage. 

This is a report On the classroom testing of an instructional Unit 
focused on the impact of technology in our society. The teaching 
teams included science teachers and social science teachers. 
Although few social and public policy issues are treated, there are 
many suggestions for decision-making games' and other instructional 
activities. Because some of the decision-making games invdlve the 
use of computers, this document may offer suggestions to teachers 
for modifying some of the activities suggested in this monograph* 
for situations in which a computer is available. \ 

Role of Engineers and Scientists in a National Policy for Technology, The. > 
Report no. NSB-72-1 of the NationSl Science Board. Washington, D,C t ; 
National Science Foundation, 1972. ' ED 141 120^ >37 pp.* MF $0.83,\HC N . 
$3. 50;' plus postage. Also available^ frojn Superintendent of Documents, 
U.S. Government Printing Office, Washington, J).C. 20402; order stock\ 
no. 380(HQ100 -($0.45). % \ X 

This booklet, which may be used as a companion piece to the document 
cited next, offers five recommendations concerning government support 
of technological development, along with supporting facts and arguments 

Science and Technology in Presidential Policymaking: A Proposal. Washing*; 
ton, D.C.: National Academy of Sciences ,1974. E0. 108 858. 63 ppr 
MF $0.83, HC $3.50; plus postage* / * X ^ 

Important because of its- semiofficial source, this document emph^si^> 
the role of science and technology in the development of public poli^ 
in the areas of weaponry, energy sources,, and pollution control. The^ 
proposal includes a brief history of past relationships between the 



president and the scientifi<g\ community, and- briefly treats the r«i* 
of scientists in health, agriculture, and the \3LK3« of So. 
portation systems. Teachers can use this document to emphas^e 
scientific "experts" must play a limited role in makin^Sc ' 



policies. 

Journal Articles 



Samoilbvich, Felix. "Ideology and the Protest Movement in Science." ' * 
International Social Science Journal 27:4 <1975). EJ 135 250 
$6.00 for first reprint; $1.10 for each additional copy. ' ' 
This description. and analysis of the current international protest 

TZ urSt V'^t WaS Wrltten by an Argentinian sociologist from 
the University of Buenos Aires. The author pSbbes the in?errela™ 

' ^ !! n r W ? ide °^ 8y and SClence and c °*P«es the current move- 
T I 0160 ? 6 and technol °8y t° various recent historical 
events. His description of . the protest movement is international 
in scope. , The article has been translated from Spanish into Enalish 
Unfortunately, the translation is not particularly adept! * 

Zimme^, George F. "Personal Reflections on Science and Social Science." 
Social Education, February 1977. EJ 152 389. $4.00 for first 
reprint; $1.00 for each; additional copy. '» - 

The author of this article, a biologist and science educator, once 
believed that pure science is amoral and that only its applications 
through technology are subject to moral judgments. However, recent 
scientific developments, particularly in genetics, have led him to 
question this generalization. He has not lost faith irt science, but 
he now calls for cooperation between science educators and social 
studies educators in discovering and testing ways of teaching and 
learning about science and social policy. 
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